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Abstract 
Oropharyngeal aspiration (OPA), recurrent small volume aspiration of saliva, food and/or 
fluids, can lead to recurrent respiratory illness, chronic airway disease and recurrent 
hospitalisations in children. OPA is common in children who present with oropharyngeal 
dysphagia (feeding and swallowing difficulties) and neurological impairment, but may also 
be present in children with unexplained respiratory disease. Limited literature suggests 
that the type of food/fluid aspirated impacts on development of pneumonia and respiratory 
sequelae in children.  
 
Currently, there are little high quality published data about the prevalence and clinical 
presentation OPA, its impact on respiratory health, or optimal assessment and 
management of OPA in a very young paediatric population. This thesis addresses the 
current lack of published data and gap in knowledge on OPA and dysphagia in children 
and includes a series of studies investigating OPA using modified barium swallow study 
(MBS) in a population of children presenting with oropharyngeal dysphagia in a tertiary-
level hospital. The over-arching aim of the thesis is to improve clinical issues relevant to 
the detection and management of children with OPA and oropharyngeal dysphagia, 
particularly those pertinent to the respiratory system.  
 
The specific aims of the thesis were: 
1. To determine prevalence of, and patient-factors associated with, OPA and silent 
aspiration in a cohort of children presenting with oropharyngeal dysphagia. 
2. To identify the ‘best’ (highest Odds Ratio) clinical markers (signs and symptoms) 
associated with OPA and other forms of swallowing dysfunction, and to determine 
the influence of age and neurological impairment on these markers. 
3. To document the extent and predictors of radiation doses received by children 
undergoing an MBS study.  
4. To determine the association between OPA and other swallowing dysfunction with 
World Health Organisation (WHO)-defined pneumonia and respiratory disease. 
5. To perform a systematic review using Cochrane methodology to evaluate the 
efficacy of restriction of oral intake of water for aspiration lung disease in the 
management of children with radiological evidence of OPA. 
6. To examine the types of feeding/swallowing management recommendations given 
to families, following radiological evidence (via MBS) of OPA and other swallowing 
dysfunction. 
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In study-1 (Aim-1), OPA was documented in 34% (n= 102) of 300 children who underwent 
MBS and 81% (n=83) had silent aspiration. Medical risk factors associated with OPA and 
silent aspiration included neurological impairment, enteral feeding and diagnoses of 
developmental delay and/or aspiration lung disease. Findings have highlighted the high 
prevalence of silent aspiration in children compared to adults, and support the need for 
inclusion of an MBS in the diagnostic evaluation of feeding difficulties in children.   
 
In study-2 (Aim-2), the best (highest OR) clinical markers of OPA on thin fluids were wet 
voice (OR 8.90), wet breathing (OR 3.35) and cough (OR 3.30) during mealtimes. No 
clinical markers were significantly associated with aspiration of purees, or for other types 
of pharyngeal phase swallowing dysfunction on either thin or pureed consistencies.  
 
During MBS studies of a cohort of 90 children (study-3, aim-3), average screening times 
were 2.47 minutes resulting in an average doses of 0.08 mSv, indicating a minimal risk to 
the children while obtaining important  information derived from the assessment. Factors 
associated with increased included Dose Area Product , height, female gender, total 
number of swallow trials presented, screening on-time and younger age.  
 
In study-4 (aim-4) involving 150 children, thin fluid OPA (OR 2.4) and presence of ‘post-
swallow residue’ on puree consistencies (OR 2.5) were initially significantly associated 
with WHO-defined pneumonia, but no longer significant following multivariate analysis. 
Significant risk factors for pneumonia included co-morbidities such as asthma (OR 13.25), 
Down Syndrome (OR 22.10), gastroesophageal reflux disease (OR 4.28) or history of 
lower respiratory tract infection (OR 8.28), moist cough (OR 9.17) or oxygen 
supplementation (OR 6.19) and children having multisystem impairment (p=0.002).  
 
In study 5 (aim 5), our Cochrane systematic review found an absence of paediatric studies 
that have examined the effects of restriction or allowing orally ingested water in children 
with known thin fluid aspiration. In our review of 150 children, management 
recommendations for OPA depended on the types of food or fluid textures aspirated (study 
6, aim 6) and extent of airway compromise (both nasal and tracheal). Recommendations 
for other types of pharyngeal phase swallowing dysfunction were documented. 
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This thesis has provided novel information on the prevalence, medical risk factors, clinical 
indicators and management of OPA in children. Findings on the association of OPA with 
pneumonia, has challenged accepted wisdom of a ‘direct and immediate cause-effect’ 
relationship between OPA and pneumonia in children. Additionally this thesis has provided 
important information about radiation doses and risk factors for increased doses in children 
undergoing MBS. It is hoped that this thesis will contribute to evidence-based practice in 
assessing and managing young children with OPA and dysphagia and provide future 
research directions.  
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1. Introduction 
The relationship between respiratory disease and recurrent small volume airway 
aspiration from dysphagia has been long appreciated. Oropharyngeal incoordination 
with aspiration syndrome is the most frequent cause of recurrent pneumonia (48%) 
requiring hospitalisation in children.1 Aspiration is associated with a range of acute 
and chronic airway disease,2 is a frequent cause of unexplained respiratory disease,3 
and is associated with pneumonia and early mortality in children with developmental 
disabilities, such as cerebral palsy.4,5 Oropharyngeal aspiration (OPA) in children 
attending for modified barium swallow studies (with a range of aetiologies) has 
reportedly ranged from 21% to 79%.3,6-20 However, much of this information is based 
on studies with small subject numbers, with little links between OPA and respiratory 
disease. The studies within this thesis focus on the speech pathology evaluation and 
treatment of OPA and pharyngeal phase dysphagia in children, and their relationship 
to presenting signs and symptoms, respiratory disease, diagnostic evaluation using 
the modified barium swallow study (MBS), and treatment recommendations following 
MBS. Throughout the sections of this introductory chapter, I will discuss the relevant 
literature review, how the information specifically relates to my thesis, gaps in the 
literature, and subsequent relevant chapters within the thesis which will address 
those gaps. 
   
Initially, an understanding of the normal swallow and its relation to breathing is 
required as a foundation from which to explore these issues. This includes the 
changes that occur with maturation during childhood, as children referred to Speech 
Pathology for oropharyngeal dysphagia are aged from preterm to 18 years of age. 
Section 1.1 reviews the normal swallow including different swallow phases, swallow-
respiratory coordination, protective reflexes and developmental changes to oral 
sensorimotor skill development and swallowing. An understanding of this is essential 
prior to studying pathology associated with oropharyngeal dysphagia.  
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1.1   The Process of Normal Swallowing 
 
Effective and efficient swallowing is crucial for an individual to ingest sufficient food 
and fluid for growth and development. Prevention of these orally ingested materials 
from entering the respiratory tract is important to maintain pulmonary health. As the 
pharynx is a conduit for both respiration and ingestion, the ability to coordinate these 
two functions is paramount. Infants swallow between 600 to 1000 times per day, and 
adults anywhere upwards of 600 swallows.21 Thus, the ability to successfully protect 
the airway during swallowing is present at birth and is maintained throughout feeding 
development in infancy and childhood, and into adult life.  The process of swallowing 
is complex, requiring intact neurological innervation, structural integrity of the 
musculoskeletal systems of the head, neck, thorax and abdomen, and intact 
respiratory and gastrointestinal systems. It involves four phases including the oral 
preparatory phase, the oral or oral propulsive phase, the pharyngeal and 
oesophageal phases.22,23 Matsuo and Palmer have reported that this traditional four 
stage/phase model of swallowing more aptly describes the swallowing of fluids, but 
described the ‘process model of feeding’ to describe the mechanism of eating and 
swallowing solid food. This included stage 1 transport (food lateralisation), food 
processing (mastication), and stage 2 transport (oral propulsion into the oropharynx), 
but stages can over overlap in multiple cycles as a large bolus is gradually 
consumed.23 However for simplicity, I will describe swallowing of both fluid and food 
textures using the traditional 4 phase model.    
  
1.1.1. Oral preparatory phase  
The oral preparatory phase involves reception of the food or fluid into the mouth, and 
manipulation and preparation of the food or fluid bolus for oral transfer. During spoon 
feeding this includes graded jaw opening and closure, lip closure around the spoon, 
stripping the material off the spoon, and formation of the food into a bolus. When 
ingesting chewable solids, the oral preparatory phase includes graded jaw opening 
and closure around the solid with adequate bite strength, tongue lateralisation of the 
material to the molar tables for mastication, diagonal and rotary chewing with 
apposition of tongue and buccal musculature to keep the material in position, and 
mixing of masticated material with saliva to form a cohesive bolus. During drinking, 
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this phase will include sucking from a teat, straw or cup with adequate lip closure, 
and generation of negative oral pressure during sucking through activation of lingual, 
buccal and velopharyngeal musculature. The food or fluid bolus is held between the 
flattened tongue with raised lateral borders and the hard palate. The oral preparatory 
phase is under voluntary control, the airway is open and nasal breathing occurs 
throughout. Phase duration will vary depending on the food or fluid being ingested,  
and can range from approximately 16.68 ± 1.99 seconds for 5 year old children and 
15.95 ± 3.84 secs for 8 year old children chewing a cracker.24,25   
  
1.1.2. Oral phase 
The oral phase, also known as oral propulsive phase, begins with tongue tip 
elevation and posterior propulsion of the bolus and overlaps with the initiation of the 
pharyngeal swallow.23  This is often referred to as ‘oral transit’ or oral transfer. The 
bolus, initially held between the tongue and hard palate, is propelled posteriorly to 
the soft palate, through the superior and posterior wavelike movement of the 
longitudinal musculature of the tongue. Lip closure, lateral tongue musculature and 
buccal compression assist with oral containment of the bolus during oral transit. Oral 
phase duration for infants (aged 5.9 ± 4.6 months) during bottle feeding ranges from 
0.38 ± 0.05 to 1.77 ± 0.43 secs; for young children (aged 28.1 ± 14.8 months) cup 
drinking ranges from  0.62 ± 0.11 to 2.25± 1.21 secs26 and between 1.0 – 1.5 secs 
for adults.27 The oral phase is also under voluntary control with nasal breathing and 
an open airway. 
 
Some authors combine both the oral preparatory and oral phase into the one term 
‘oral phase’ rather than differentiating them as separate phases. Henceforth in this 
thesis, the ‘oral phase’ will refer to the functions of both of the oral preparatory and 
oral phases combined. Paediatric data on oral phase duration (including oral 
preparatory and oral phase/transit) indicate age-related developmental differences in 
children across a variety of food textures including puree (apple sauce), chewable 
viscous solid (raisins) and particulate solid (graham cracker/biscuit) for both duration 
and number of chewing cycles required. Table 1.1 summarizes data in children 
ranging from 2 to 8 years.24,25 
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Table 1.1  Oral phase duration and chewing cycles according to food texture 
in typically developing children. 
Ages  
Texture 
2 years 
n=17 
3 years 
n=19 
4 years 
n=20 
5 years 
n=20 
6 years 
n=35 
7 years 
n=26 
8 years 
n=19 
Puree1        
Time (s) 6.3 ± 0.6 5.4 ± 0.4 4.4 ± 0.3 3.6 ± 0.4 2.27 ± 1.00 2.32 ± 1.32 2.32 ± 0.67 
Cycles 4.5 ± 0.4 3.9 ± 0.5 3.5 ± 0.3 2.8 ± 0.4 1.82 ± 0.89 1.79 ± 1.26 1.75 ± 0.72 
Viscous2        
Time (s) 17.9 ± 2.0 12.9 ± 1.2 12.1 ± 1.2 10.6 ± 0.9 10.91 ± 2.66 10.06 ± 1.81 10.79± 2.58 
Cycles 19.1 ± 2.1 12.9 ± 1.2 14.6 ± 1.1 15.3 ± 1.5 13.00 ± 3.44 11.83 ± 2.42 12.77± 3.10 
Particulate3        
Time (s) 18.4 ± 0.9 14.2 ± 0.7 13.8 ± 0.6 11.1 ± 0.7 12.86 ± 2.77 13.31 ± 2.25 12.60 ± 2.35 
Cycles 19.7 ± 1.0 17.1 ± 0.8 17.6 ± 0.5 14.9 ± 0.9 15.81 ± 3.69 16.19 ± 3.40 15.95 ± 3.84 
Note. 1Puree= applesauce; 2Viscous Solid = raisin; 3Particulate solid = Graham 
Cracker (biscuit); s=seconds; cycles = chewing cycles.  
Gisel EG. Chewing cycles in 2- to 8-year-old normal children: a 
developmental profile. Am J Occup Ther. Jan 1988;42(1):40-46.  
Schwaab LM, Niman CW, Gisel EG. Comparison of chewing cycles in 2-, 3-, 
4-, and 5-year-old normal children. Am J Occup Ther. Jan 1986;40(1):40-43. 
 
 
1.1.3. Pharyngeal phase 
The pharyngeal phase begins with the initiation of the pharyngeal swallow response 
as the bolus passes the faucial arches or mandibular rami. Simultaneous 
velopharyngeal closure occurs to close off the nasopharynx, which in conjunction 
with posterior movement of the base of tongue, pharyngeal constriction and 
peristaltic contraction of the pharyngeal constrictors, propel the bolus through the 
pharynx. Hyolaryngeal elevation elevates the larynx, inverts the epiglottis and assists 
in relaxation of the cricopharyngeus or upper oesophageal sphincter (UES). The 
airway is protected via a number of mechanisms including adduction of the true 
vocal folds associated with the horizontal approximation of the arytenoid cartilages, 
vertical approximation of the arytenoids to the base of the epiglottis, laryngeal 
elevation and epiglottic inversion.28 The bolus passes through the pharynx, dividing 
into two portions which move from the valleculae, into the lateral channels and into 
the pyriform sinuses in both sides of the pharynx to rejoin just above the level of the 
opening into the oesophagus.29 The pharyngeal phase concludes as the bolus 
passes through the UES into the oesophagus. The UES will then resume its basal 
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tonic closure, the true and false vocal folds reopen (glottal release) and the velum 
lowers, thus opening up the tracheal and nasal airways.  The pharyngeal phase is 
under reflexive neurological control and mean pharyngeal transit times range from 
0.06 ± 0.10 seconds during infant suckling30 to 0.7-1.0 seconds in adults.27 
 
1.1.4. Oesophageal phase 
The oesophageal phase commences with the opening of the UES and ends as the 
bolus passes through the lower oesophageal sphincter into the stomach. The infant 
oesophagus is approximately 5 mm in diameter and 11 cm long,31 whereas the adult 
oesophagus is 3 cm in diameter and 21-27 cm long.32 The proximal oesophagus is 
comprised of striated muscle which opens due to a combination of traction from the 
superior and anterior movement of the larynx and bolus characteristics, such as 
bolus size and food/fluid type.33 The oesophagus in the region of the aorta is 
composed of smooth and striated muscle, and the distal oesophagus is composed of 
smooth muscle. During rest, the oesophageal lumen is collapsed. Following 
relaxation of the UES, the bolus is carried into the oesophagus by a series of 
contraction waves, which are a continuation of pharyngeal stripping action.  A 
primary peristaltic wave will then carry the bolus to the stomach through a series of 
progressive contractions, advancing inferiorly. Oesophageal phase duration is 
approximately 8-20 seconds in adults, but will vary depending on the bolus volume 
and viscosity.22,34  
 
1.1.5. Swallow-respiratory coordination  
Temporal coordination of swallowing and respiration is essential, as the pharynx 
provides access to both the respiratory and gastrointestinal tracts. The acts of 
swallowing and respiration share many of the same anatomical structures and neural 
regulatory mechanisms in the brainstem. During the pharyngeal phase of 
swallowing, with initiation of the pharyngeal swallow response, laryngeal valving 
mechanisms close the airway while the bolus passes through the pharynx. The 
cessation of breathing during airway closure is referred to as ‘deglutition apnoea’2 or 
‘swallow apnoea’35  which starts before the bolus enters the pharynx and ends after 
the bolus has entered the oesophagus.36 Deglutition apnoea lasts for a duration of 
0.75 ± 0.14 seconds37 and 0.94 ± 0.06 seconds38 in adult studies. Kelly and 
colleagues measured swallow-apnoea duration for infants during different arousal 
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states: wake and sleep, and feeding. Infant swallow-apnoea durations for saliva 
swallows during the awake state included 0.78 ± 0.18 seconds, 0.80 ± 0.18 seconds 
during sleep, and 0.51 ± 0.8 seconds for nutritive swallows during breast or bottle 
feeding.35 Hence deglutition apnoea for infant ingestive swallows were faster than for 
adult swallows, but deglutition apnoea during saliva swallows were of similar 
duration to adults. 
 
When looking at the swallow-respiratory timing, Kelly et al. found that the majority of 
swallows were followed by an expiratory breath, during both breast and bottle 
feeding over the first year of life.39 The most frequent swallow-respiratory patterns in 
infants were: i) inspiration-swallow-expiration (35.7% breast, 37.8% bottle), and ii) 
expiration-swallow-expiration (27.4% breast, 31.4% bottle).39 Swallows followed by 
an inspiratory breath were less frequent including: an expiration-swallow-inspiration 
pattern (16.1% breast, 16.4% bottle) and inspiration-swallow-inspiration pattern 
(13.8% breast, 9.8% bottle). Kelly and colleagues also found similar swallow-
respiratory timing in adults, who predominantly had swallow apnoea followed by an 
expiratory breath, including i) expiratory-swallow-expiratory pattern (58%), and 
inspiratory-swallow-expiration (15.9%).38 Klahn and Perlman also found expiration 
occurred before deglutition apnoea 93% of the time and followed deglutition apnoea 
100% of the time in adults.37  
 
1.1.6. Feeding skills at birth and development of transitional feeding  
Additional to the complexity of the phases of the swallow and swallow-respiratory 
coordination, maturational changes influence children’s feeding and swallowing skills 
from birth through early childhood. At birth, the infant’s feeding and swallowing skills 
are reflex bound and mediated by the brainstem. Although sucking is evident from 
18-24th weeks gestational age (GA) and the pharyngeal swallow from  10-11 weeks 
gestational age, it is generally accepted that sucking and swallowing coordination 
matures from 33 to 36 weeks gestational age.40 The neurologically intact term infant 
is born with a number of oropharyngeal reflexes to support successful feeding. 
These include the rooting reflex, gag, phasic bite, transverse tongue reflex, tongue 
protrusion, suckling and swallow reflexes.41 Suckling is a patterned response with 
coordinated movements of the jaw, lips and tongue. Differences in infant anatomy of 
the head and neck in comparison to adult anatomy also support safe ingestion. The 
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tongue fills the oral cavity and contacts the gums anteriorly, the hard palate 
superiorly, and the buccal musculature laterally. Adipose tissue is contained in the 
cheeks filling the lateral sulci, and the mandible is relatively smaller and posteriorly 
positioned, together effectively reducing the size of the oral cavity. The infant’s larynx 
is short and elevated; the epiglottis, valleculae, vocal folds and arytenoids are 
relatively larger in comparison to the surrounding air spaces of the trachea and 
pharynx; and the epiglottis and velum are in direct contact with the soft palate 
assisting nasal breathing. This anatomical configuration, in conjunction with feeding 
reflexes supports effective suckling and safe swallowing in the newborn. The infant is 
able to ingest sufficient liquid feeds to support nutrition and hydration through breast- 
and/or bottle feeding, in side-lying or reclined positions with appropriate suck-
swallow-breathe coordination and airway protection.42  
 
Commencing at approximately 4-6 months, the infant enters a period of transitional 
feeding until approximately 3 years of age. Transitional feeding is a process whereby 
anatomical growth and changing relationships of the head and neck structures and 
neural growth allow inhibition of rudimentary feeding reflexes and support the 
development of more refined oral sensorimotor and swallowing skills. This is 
underpinned by neurodevelopmental processes occurring during the first postnatal 
year including dendrogenesis, axogenesis, synaptogenesis and synaptic 
stabilization, gliogenesis and myelination, which contribute to rapid brain growth and 
corresponding developmental milestones.43 Developing cortical structures relative to 
feeding in the midbrain, thalamus and cerebral cortex, also referred to as 
encephalization44 of feeding, have the greatest effect on the oral phase of feeding, 
while the pharyngeal phase is under medullary control and quite intact at birth.45 This 
skill development corresponds to changes in functional abilities enabling ingestion of 
increasingly more complex food textures and fluids from different feeding utensils 
and continues until approximately 3 years of age.45 Developmental progression 
through food textures and oral sensorimotor skill development during the transitional 
period is described in Table 1.2. 
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Table 1.2 Developmental Progression of Oral Sensorimotor Skills & Food Textures During Transitional Feeding. 
Age Fluids / Food Textures Oral Sensorimotor Skills & Feeding Position 
Birth Liquids only via breastfeeding 
or bottle feeding. 
Bottle feeding: slow flow 
teat/nipple 
Fed in side-lying (or other breast-feeding positions) or semi-reclined 
Suckling pattern and intact suck-swallow-breath coordination  
Primitive reflexes are present  
The lips, tongue and jaw function as a total unit when feeding 
Reflexive oral movements, vegetative sounds and cries are present  
Cries (vowel like) 
Vegetative sounds (clicks, stops, friction noises occur as physiological 
adjustments of the oral-pharyngeal mechanism during feeding) are consonant-
like. 
 
4-6 mo Predominantly liquids via 
breast and/or bottle feeding. 
Bottle feeding: medium flow 
teat/nipple 
Introduction of ‘first solids’ 
(smooth and runny)  
Primitive reflexes diminish 
In-Out suckling is beginning to change into an Up-Down pattern 
First purees can usually be introduced 
Primitive phasic bite-and-release pattern on hard munchable foods (e.g rusks 
which will not break off). 
6 mo Breast &/or bottle feeding 
Pureed solids may include 
smooth/runny, or thicker puree, 
Sitting balance in supported sitting and head control is improving 
Primitive reflexes are no longer present – they have either faded out or integrated 
into more complex motor patterns 
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or semisolids (thicker puree 
containing tiny, soft, noticeable 
lumps) 
Growth of the oral cavity occurs (The tongue takes up less space in the oral 
cavity) 
Pureed solids have been introduced 
Visual recognition of the spoon and jaw quiets and remains in a stable position for 
the entry of the spoon into the mouth 
A ‘tongue-tip’ sucking pattern emerges, although suckling may still be evident 
Long sequences of sucking, swallowing and breathing from the breast/bottle 
A spout-cup or open cup may be introduced. Wide jaw excursions and liquid loss 
are common 
Mouthing and exploration by the mouth increases 
9 mo Bottle feeding: fast flow 
teat/nipple. 
Cup drinking 
Purees, ground or junior foods 
Mashed table foods 
Sitting / trunk control and hand-to-mouth ability improves  
Able to sit unsupported in a seat with a back 
Exploration by the mouth increases 
Mashed or lumpy foods are introduced 
The gag reflex reduces 
Up-down tongue movement is more common in sucking 
Upper lip actively assists with food removal from the spoon 
Uses tongue tip swallow, and some extension-retraction tongue movements in 
spoon feeding 
May commence soft finger foods 
Lip and jaw movement begin to separate for early chewing 
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Able to hold a biscuit between gums, but requires assistance in breaking off a 
piece 
Transfer of food from the centre to the side of the mouth for chewing begins; uses 
non-stereotypic vertical movements for chewing, and diagonal rotary movements 
as the tongue transfers food from the centre to the size of the mouth 
(lateralisation); active lip closure during chewing 
Long sequences of continuous sucking from a cup. Some loss of fluid with cup 
drinking occurs 
12 mo Liquids via breast/bottle 
feeding 
Cup drinking 
Pureed, mashed foods. 
Coarsely chopped table foods 
and easy chewable foods 
(dissolvable and soft chew) 
Can sit independently in a high chair or booster seat 
Cup drinking becomes more prominent (may still have bottle/breast, especially at 
morning & night) 
Mature up-down tongue movement during drinking is common  
Occasional loss of fluid during drinking occurs 
A variety of pureed, mashed and chopped finger foods are taken 
Can eat sandwiches and biscuits 
Solid food is transferred by the tongue to each side of the mouth and back to the 
centre 
Biting through foods such as biscuits and cheese improves 
The lips are active during chewing 
Upper teeth clean the lower lips 
Increase in self-feeding (finger foods and with utensils) 
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15 mo Liquids via breast/bottle 
feeding 
Bottle feeding: fast flow teat 
Cup drinking 
Pureed, mashed foods. 
Coarsely chopped table foods 
and easy chewable foods 
(dissolvable and soft chew) 
Oral and feeding skills refine further 
Improved biting through hard foods, but still associated head movement may 
occur 
“Smoother” chewing 
Greater diagonal jaw movement with food transfers 
Increased independence and self-feeding 
Biting on cup edge may occur 
Active lip closure during chewing and cleaning 
18 mo Liquids via cup drinking, but 
may still have breastfeeds or 
bottle feeding. 
Pureed, mashed foods. 
Coarsely chopped table foods 
and easy chewable foods 
(dissolvable and soft chew) 
Child is fed unsupported at the family table 
Child is most often self-feeding with spoon, fingers and cup independently (may 
need lids for cups) 
Most meats and hard foods are managed 
Associated head movements may still occur during biting 
Chewing improves 
Upper lip is more active during drinking 
Jaw movement is more refined for drinking 
21 mo Liquids via cup drinking. 
Self-feeding purees, mashed 
foods, chopped and chewable 
foods. 
Child is fed unsupported at the family table 
Biting improves, with hard foods easier to manage 
Jaw opening for biting different foods improves 
24 mo Liquids via cup drinking. Child can eat and drink independently and manage all food types and textures  
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Self-feeding purees, mashed 
foods, chopped and chewable 
foods. 
Food is transferred from side to side in the mouth 
Ability to bite through all textures 
Chewing can be up-down, diagonal or rotary 
Independent drinking from an open cup, spout cup or pop-top bottle 
No liquid loss during drinking 
25-36 mo Liquids via cup drinking. 
Self-feeding purees, mashed 
foods, chopped and chewable 
foods. 
Child can eat and drink independently and manage all food types and textures 
Refinement in chewing strength on tough chewable foods such as tough meats 
Able to handle mixed textures easily 
NB. mo=months; ‘first solids’ are very smooth, runny solids, Adapted from: “Feeding and Oral Development – Birth to 2 years”. 
Video Developed by the Speech Pathology and Audio Visual Departments, Westmead Hospital, 1995. Western Sydney Area 
Health Service.46  
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Thus, in this thesis, age-appropriate fluid and food consistencies were used during 
clinical and videofluoroscopic evaluations (chapters 2-6). Infants and children were 
presented with food textures and fluid consistencies via their usual utensils as 
appropriate to their chronological age, age of introduction selected by families, 
utensils used when ingesting the majority of their nutrition/hydration, and oral and 
sensorimotor skill according to their neurological development/integrity. Therapeutic 
textures such as thickened fluids and utensils such as specialised bottles and teats, 
etcetera (etc) were included according to the speech pathologist’s clinical judgement 
regarding aspiration risk and swallowing dysfunction. The basic protocol of food and 
fluids used were:  
• Birth – 4months: Thin fluids from a bottle and slow flow teat; ± Anti- 
Regurgitation (AR) thick fluids via medium flow teat. 
• 4-6: Thin ± AR thick fluids from a bottle and medium flow teat; smooth runny 
purees from a spoon. 
• 7-8 months: Thin ± AR thick fluids from a bottle and fast flow teat; purees and 
semisolids (with small lumps) from a spoon. 
• 9 months: Thin ± AR thick fluids from a bottle and teat; spout cup or cup 
drinking if introduced; purees and lumpy mashed foods from a spoon. 
• 12 months: Thin ± AR thick fluids from a bottle and teat, spout cup or cup; 
purees and lumpy mashed foods from a spoon; chewable foods (milk 
arrowroot biscuit or small pieces of sandwich). 
• ±15 months: Thin fluids ± AR from a a bottle, spout cup, open cup or straw; 
purees and lumpy mashed foods from a spoon; dissolvable and soft chewable 
foods (milk arrowroot biscuit or small pieces of sandwich). 
• ±2 years: Thin fluids from a spout cup, open cup or straw; commercial pre-
thickened fluids (nectar/mildly thick, honey/moderately thick, 
pudding/extremely thick fluids) from a spout cup, open cup or straw; purees 
and lumpy mashed foods from a spoon; dissolvable, soft or hard chewable 
foods (milk arrowroot biscuit, sandwich or hard meats/biscuits). 
 
Where possible food textures, which were reportedly particularly problematic for a 
child, were included in their clinical and fluoroscopic evaluation. The rationale for 
offering different food consistencies was to obtain a modified barium swallow study, 
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which was likely to provoke signs and symptoms experienced by the child during 
their feeds/mealtimes. Thus, radiological findings (on MBS) would be representative 
of the child’s performance on food textures and fluid consistencies consumed by the 
child at during home. 
 
1.1.7. Airway protective reflexes during swallowing  
 
There are several reflexes in the pharynx, larynx and oesophagus that exist to 
protect an individual from aspiration, some of which alter with growth and maturity. 
Cough has been reported in premature infants as early as 27 weeks gestational age, 
and can be elicited in approximately 90% of term infants.47 The primary airway 
responses, some of which prevent aspiration in an infant, are the laryngeal 
mechano- and chemo-reflexes. In the laryngeal chemoreflex (LCR), the infant’s 
response includes startle, rapid swallowing, apnoea, laryngeal constriction, 
hypertension and bradycardia.48 The airway closure in young preterm infant often 
results in obstructed respiration and bradycardia, whereas the term infant has a brief 
respiratory pause with 1-2 swallows.48-51 This chemoreflex mechanism is based on 
chloride sensitivity responding to water, milk, saline and oral secretions with 
receptors in the muscosal epithelium of the epiglottis, aryepiglottic folds and 
interarytenoid space,48,52 and arises from the stimulation of sensory afferents 
supplied by the superior laryngeal nerves (SLN).48 Maturation over the first few years 
of life effects the infant’s transition from the laryngeal chemoreflex to the cough 
reflex, which is thought to be the primary response to aspiration by approximately 5 
years of age.53 Additionally, mechanoreceptors play an important role in the 
response to aspiration. Two main groups of mechanoreceptors in the larynx include 
surface mechanoreceptors that are situated near the surface of the mucosa and 
respond to surface tactile stimulation; and deep mechanoreceptors located in the 
laryngeal muscles or joints.54,55 Like chemoreceptors, mechanoreceptors are 
innervated by the SLN and result in elicitation of cough.   
 
In a normal airway with an intact neurological system, cough occurs when aspiration 
occurs. While cough can be elicited at birth, there is a physiological maturation 
process of the cough pathway which develops over time in children. This is due to 
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neural maturation and structural changes of the airway, respiratory musculature, 
chest wall structures, respiratory reflexes and respiratory control.56 Cough is 
comprised of three phases including the inspiratory, compressive and expiratory 
phases. The inspiratory phase consists of inhaling a variable amount of air that 
lengthens the expiratory muscles and optimises the length-tension relationship. The 
compressive phase includes brief closure of the glottis (200 milliseconds), with 
increasing intrathoracic pressure due to isometric contraction of the expiratory 
muscles against a closed glottis (approximately 300 mmHg in adults). The expiratory 
phase commences with the opening of the glottis, which releases a brief 
supramaximal expiratory flow for approximately 30-50 milliseconds (12 litres per 
second), and followed by lower expiratory flows for approximately 200-500 
milliseconds (3-4 litres per second).56  Airway debris and secretions are swept 
proximally by dynamic compression of the airway and expulsion of air, and 
mucociliary clearance. Young children rarely expectorate sputum, which is usually 
swallowed. When airway secretions and aspiration are present, cough quality is 
often described as ‘wet/moist’ cough.57 Cough also promotes mucociliary clearance 
and removal of debris.56 
 
Given the importance of cough and the quality of the cough as an indicator of 
presence of oropharyngeal aspiration, and required for the clearance of OPA , this 
was further explored in sections 1.5.1 and 1.7.1. Cough is specifically examined for 
in the studies examining prevalence of OPA and silent aspiration in chapter 2, and 
clinical signs and symptoms of OPA and dysphagia in chapter 3. 
 
1.1.7.1 Other reflexes 
The laryngeal adductor reflex and glottal reflexes function as part of the LCR and 
cough, or may be stimulated independently. The laryngeal adductor reflex (LAR) 
elicits as part of coughing, straining, or eructation where vocal fold closure and 
pressure prevents aspiration. It involves the adductor muscles (lateral cricoarytenoid 
and interarytenoids) and tensor muscles (vocalis and thryoarytenoids).58 The glottic 
closure reflex (GCR)59 or pharyngoglottal closure reflex (PGCR)58 is a polysynaptic 
brainstem reflex which is ipsilateral (mediated by the SLN), and has a latency of 25 
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milliseconds.59 Partial glottic closure occurs when water is slowly dripped into the 
pharynx while full closure occurs in response to rapid injection of water.58 This is 
likely to be part of the LCR complex in infants and termed the glottic closure reflex in 
adults. Laryngospasm is a maladaptive exaggeration on the glottic closure reflex and 
is characterised by prolonged, tight closure of the laryngeal sphincter. It may be 
stimulated by tactile stimulation such as endotracheal intubation, blood or noxious 
laryngeal stimulation.59 Similarly an esophagoglottal closure reflex (EGCR) is 
described whereby glottic closure is elicited in response to sudden oesophageal 
distension associated with belching, regurgitation, vomiting or acid reflux events.58 It 
is postulated that this reflex protects the airway from retrograde transit of air, 
oesophageal contents or gastric contents.60  
 
Thus, these reflexes are crucial in protecting the airway from many different types of 
aspiration. However, the full extent of maturational influences on the development 
and integrity of these protective reflexes in developmentally appropriate children is 
unknown. Nor is it clear how these maturational influences may affect children with 
specific disease processes known to down-regulate reflex responses such as 
neurological impairment influences on cough integrity,56  prolongation of LCR-
induced apnoea  in infants with respiratory syncytial virus,48 or desensitization of 
pharyngeal mucosa and laryngeal adductor reflexes from gastroesophageal 
reflux.61,62  
 
Nevertheless, given the maturational nature of the neurological system, it is not 
surprising that the issues relating swallowing difficulties with respiratory issues are 
more common in very young children. This is particularly relevant to this thesis as 
the majority of children studied in chapters 2 to 5 are very young.   
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1.2. Definition of Dysphagia and Oropharyngeal Dysphagia 
 
1.2.1. Dysphagia 
Dysphagia is derived from the greek, dys, difficulty, and phagein, to swallow. It is 
commonly described as ‘difficulty in swallowing’ which is often thought in medical 
literature to represent dysfunction in the pharyngeal phase related to aspiration, 
and/or the oesophageal phase of swallowing. The American Speech and Hearing 
Association,  ASHA have described the term dysphagia as being a swallowing 
disorder which may include the mouth, pharynx, larynx, and/or oesophagus (ASHA 
2001b), but have  adopted the term “swallowing and feeding disorders” as the more 
inclusive term for dysphagia which includes delays and/or disorders of eating and 
drinking skills.  
 
In children, feeding and swallowing disorders are multifactorial, often in the context 
of complex medical, health and developmental conditions, include behavioural 
elements, and include the caregivers with respect to attachment and bonding, and 
management.63,64 Studies in this thesis use the term oropharyngeal dysphagia which 
is discussed below. 
 
1.2.2. Oropharyngeal Dysphagia 
Oropharyngeal dysphagia includes impairment to the structural and/or 
neurosensorimotor integrity and coordination of the mandible, lips, teeth, tongue, 
cheeks, hard and soft palates, pharynx, larynx, and upper oesophagus and 
incorporating the cranial nerves: (V) trigeminal, (VII) facial, (IX) glossopharyngeal, 
(X) vagus, (XI) accessory, and (XII) hypoglossal. Functionally, oropharyngeal 
dysphagia may encompass difficulties with sucking, swallowing, drinking, chewing, 
eating, saliva control, ingesting medication, or protecting the airway.65 In this thesis, 
oropharyngeal dysphagia is defined as difficulty, delay, disorder or dysfunction in the 
oral, pharyngeal and/or cervical oesophageal phases of swallowing. 
 
While not the focus of this thesis, types of difficulties in the oral phase may include 
reduced lip seal and reduced oral containment of food/fluids with anterior loss from 
the mouth, impaired sucking strength and efficiency, tongue function, or chewing and 
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formation of a bolus, impaired transport of the bolus to the posterior mouth, and 
impaired clearance of material from the mouth following the swallow.66 Orosensory 
impairments may manifest in terms of gagging in response to different textures, 
spitting out, food refusal, selectivity by food type or food texture or other aversive 
behavioural responses.67 Abnormal oral reflexes such as bite reflexes and tongue 
thrust may also interfere with the oral phase. However, as oral phase difficulties are 
able to be evaluated more extensively during a clinical feeding evaluation (CFE) and 
less related to oropharyngeal aspiration, they are not the focus of this thesis. 
 
Specific types of swallowing dysfunction related to the pharyngeal phase may 
include delayed pharyngeal swallow response/initiation, nasopharyngeal reflux or 
nasal regurgitation, laryngeal penetration, oropharyngeal aspiration (OPA) and silent 
aspiration; and post-swallow residue.66 As this thesis focuses on OPA and 
pharyngeal phase dysfunction, the types of pharyngeal phase dysfunction will be 
described in more detail in the following section.  
  
1.2.3. Causes of Paediatric Oropharyngeal Dysphagia  
The prevalence of feeding difficulties is estimated to range from 25-45 % in children 
without developmental problems, and appears to be related to ‘picky and finicky 
eating’ and behavioural problems reported in very early studies. Feeding difficulties 
are estimated to range from 33-90% in children with developmental delay,64,67-73 and 
are more likely to include oral motor and swallowing difficulties (including 
oropharyngeal aspiration) related to neurodevelopmental delay or impairment.  
While early attempts to classify causes of oropharyngeal dysphagia used a basic 
“organic versus inorganic” dichotomy,64 it is increasingly recognised that paediatric 
oropharyngeal dysphagia is multifactorial. While it is often present in medically 
complex children, oropharyngeal dysphagia may also be present in neurologically 
intact children without development delay who have  unexplained respiratory 
symptoms.3,74 There is a lack of a universally accepted systematic classification 
system for evaluating contributing factors or aetiologies of oropharyngeal dysphagia.  
Thus, some authors have devised their own systems that include elements of body 
system impairment, medical diagnoses, and/ or other types of presenting symptoms. 
Burklow et al64 identified five main categories associated with complex paediatric 
feeding disorders in a cohort of 103 children presenting to an interdisciplinary 
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feeding team. These included behavioural issues (85%), neurological conditions 
(73%), structural abnormalities (57%), cardiorespiratory problems (7%) and 
metabolic dysfunction (5%), however they acknowledged that most children (85%) 
had two or more issues and 80% had behavioural issues as part of their 
symptomatology.64 Field and colleagues67 described medical correlates of feeding 
problems in a cohort of 349 children which included gastro-oesophageal reflux 
(51%), neurological conditions (30%), cardiopulmonary conditions (27%), food 
allergies/intolerance (21%), anatomical anomalies (6%) and renal disease (3%) 
among others, but also acknowledged that causes were not mutually exclusive.67 
Likewise, Rommel et al found a high proportion of 603 children had gastrointestinal 
(42.5%) and neurologic (11.4%) causes, and to a lesser extent genetic (3.3%), 
cardiologic (2.8%), ENT orofacial (3.3%), oncologic (2.5%), metabolic (1.7%) and 
nephrologic (12.0%) causes.75 Large differences across studies appear to exist in 
the proportions of children with similarly named categories and it is difficult to 
ascertain whether this is a function of different populations presenting to these 
different interdisciplinary feeding teams or whether it is related to the classification 
systems and definitions used. Table 1.3 describes medical diagnoses associated 
with paediatric oropharyngeal dysphagia grouped under body systems (where 
possible). 
 
Table 1.3  Aetiologies associated with Paediatric Oropharyngeal Dysphagia* 
Anatomic Genetic (Cont) 
Choanal  Stenosis Pierre-Robin 
Cleft lip/palate Prader-Willi 
Craniofacial anomalies Riley-Day 
Cystic hygroma VATER (VACTERL) 
Laryngomalacia Worster-Drought 
Laryngotracheal cleft  
Laryngeal stenosis / web Haematologic 
Laryngeal cleft Haematologic Malignancies 
Oesophageal atresia Non- malignant haematologic disorders 
Pyloric stenosis  
Tracheosophageal fistula  Metabolic disorders 
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Vascular ring  
Tumours Neurological / Neurodevelopmental 
 Achalasia 
Cardiopulmonary Acquired brain injury (e.g infectious) 
Aspiration lung disease Arnold-Chiari malformation 
Bronchopulmonary dysplasia Cerebral palsy 
Congenital heart disease 
Respiratory Syncytial Virus 
Cranial nerve or recurrent laryngeal 
nerve injury 
 Congenital hydrocephalus 
Gastrointestinal Hypoxic brain injury 
Food allergies / intolerances  Neonatal intraventricular haemorrhage 
Gastroesophageal reflux disease Familial Dysautonomia 
Necrotizing enterocolitis  Intracranial haemorrhage 
Oesophageal dysmotility Laryngeal paralysis 
 Myopathy 
 Myotonic dystrophy 
Genetic: Syndromes / Sequences  Muscular dystrophy 
Apert Myasthenia Gravis 
Autistic Spectrum Disorders Prematurity 
Beckwith-Weidermann Perinatal asphyxia 
CHARGE  Poliomyelitis 
Coffin-Siris  Traumatic brain injury 
Cornelia de Lange / Brachmann de 
Lange 
Seizures /seizure disorders  
Vocal cord paralysis 
Crouzon Wernig-Hoffman disease 
Down syndrome  
Goldenhar       Tubing 
Guillian-Barre  Tracheostomy tubes 
Hemifacial microsomia Endotracheal tubes 
Moebius  Laryngeal stents 
Smith-Lemli Opitz  Nasopharyngeal airways 
Treacher Collins  
*Not an exhaustive list  
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Different feeding difficulties have been associated with specific body system 
impairments or diseases. However, there is no consistency in terms of definitions of 
specific feeding difficulties across studies that allow valid comparison. Field et al67 
evaluated the associations between medical correlates and feeding problems which 
included ‘behavioural’ problems of food refusal (34%), selectivity by texture (26%), 
and selectivity by type (21%); and ‘skill deficits’ of oral motor delays (44%) and 
dysphagia (23%, presumed to be OPA, but not clearly defined). They found food 
selectivity (by type and texture) was higher in children with autism, but not food 
refusal. Children with Down Syndrome and cerebral palsy had higher rates of food 
refusal (29%, 30%), oral motor delays (82%, 68%), and dysphagia (36%, 32%) 
respectively. Children with Down Syndrome also had a higher prevalence of 
selectivity by texture (45%).67 In contrast, Rommel et al. found that in 700 children 
who presented with a range of oral motor, oral sensory, experience delay, sucking or 
combined feeding problems, there were low rates of pharyngeal dysphagia 
(10.83%), either in isolation (5.85%) or in combination with other feeding problems 
(4.98%). Whilst Rommel et al. did not examine for correlations between the different 
OPD characteristics with specific medical  aetiologies, they found associations 
between subsystem dysfunction and oral feeding difficulties.75 Isolated neurologic 
disorders correlated with oral motor problems; gastroneurological disorders with 
pharyngeal dysphagia and oral motor-based feeding difficulties; and cardiopathy with 
oral sensory based feeding difficulties. Morgan and Reilly76 and Brodsky77 have 
described the signs and characteristics of paediatric dysphagia associated with a 
range of aetiologies, which are too extensive to list here.  
 
Given the lack of a universally accepted classification, for the purposes of this thesis 
(chapters 2, 3, 5 and 6), I used a body system classification adapted from Burklow 
and colleagues.64 This included systems involving neurological, gastrointestinal, 
cardiopulmonary, structural, metabolic, and genetic, in addition to individual medical 
diagnoses.  This body system classification was used to look at major trends with 
respect to the association of each body system and individual medical diagnoses 
with the presence of pneumonia, clinical signs of OPA and pharyngeal phase 
swallowing dysfunction, and presence of OPA, silent aspiration and other types of 
swallowing dysfunction present on MBS.  
 
22
 
 
1.3. Pharyngeal Phase Swallowing Dysfunction 
Pharyngeal phase swallowing dysfunction includes: ‘delayed pharyngeal swallow 
response’ (DSR), nasopharyngeal reflux (NPR), post-swallow residue (PSR), 
laryngeal penetration and oropharyngeal aspiration (OPA). These are radiographic 
signs described during a MBS (figures 1.1 to 1.5) and, except for overt 
nasopharyngeal reflux, cannot be determined during a clinical feeding evaluation 
(CFE). These various types of pharyngeal phase swallowing dysfunction are not 
mutually exclusive, ie all may occur concurrently in the same child. These different 
types of swallowing dysfunction of the pharyngeal phase are described in more detail 
below. 
 
1.3.1. Delayed Pharyngeal Swallow Response  
Previously termed ‘delayed swallow reflex’ (DSR), a delayed pharyngeal swallow 
response refers to material entering and/or a delay of progression of material in the 
lower pharynx prior to the initiation of the swallow response. There is limited 
normative information in children about the ideal location of bolus aggregation at the 
time of pharyngeal swallow initiation.66 Ardran et al 78 reported that for most of 35 
bottle-fed infants (15 English infants ranging from 6 weeks to 6 months, and 20 
Swedish infants aged 1 hour to 10 days), barium mixture was ‘checked’ at the level 
of the anterior pillars before falling to the pharynx where it remained until a second 
bolus arrived and the swallow was initiated.  Newman et al30 found that in bottle fed 
infants who are developing normally, fluid collected at various oropharyngeal 
locations. Infants who had a suck:swallow ratio of 1:1 demonstrated no fluid 
collection  and  passed directly from the teat to the hypopharynx and into the cervical 
oesophagus. Infants with ≥2 sucks per swallow demonstrated collection of fluid 
between the mid-tongue and hard palate (40% of swallows), between the posterior 
tongue and hard palate (5%), and over the base of the tongue or in the valleculae 
(40%) before initiation of the swallow.30  
 
A delayed pharyngeal swallow response is likely a risk factor for airway aspiration as 
material falling to the pyriform sinuses before the swallow is in proximity to the open 
airway. This theoretically predisposes the child to OPA before the swallow, 
particularly when thin fluids are used.66 For the purposes of this thesis, the 
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pharyngeal swallow response was considered delayed, if material was held up in the 
valleculae for greater than 1 second after the last suck, if it fell to the pyriform 
sinuses prior to swallow initiation, or ‘absent, if the pharyngeal swallow response did 
not initiate at all.   
 
  
    Figure 1.1 MBS images depicting delayed pharyngeal swallow response (DSR) 
with fluid falling into the (a) valleculae and pyriform sinuses prior to swallow 
initiation; and (b) fluid sitting in the pyriform sinuses without swallow. In this 
particular child, the hold-up was >2 minutes.  
 
1.3.2. Nasopharyngeal reflux 
Nasopharyngeal reflux (NPR) is considered present when there is backflow of fluids 
or foods into the nasal cavity. This may be observed clinically as leakage from the 
nares or visualised radiographically on MBS as material entering the posterior, 
middle or anterior nasal cavity. NPR is also sometimes called nasal regurgitation, 
nasopharyngeal backflow or pharyngonasal backflow. NPR is often associated with 
structural deficits such as palatal clefts or velopharyngeal insufficiency, or movement 
disorders such as incoordination. Minor nasopharyngeal reflux may be seen in the 
preterm infant or term infant, however this generally resolves as the infant matures. 
NPR is considered abnormal if it is present beyond a few weeks post term age, 
occurs in large amounts or compromises nasal breathing.63,66  NPR may also occur 
as a consequence of insufficient upper oesophageal sphincter (UES) opening or 
failure of the UES to relax (observed on MBS as a cricopharyngeal bar), whereby 
A B 
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food/fluid is held up at the pyriform sinuses and retrograde pharyngeal backflow is 
observed to enter the nasal cavity (nasopharyngeal reflux). This has been 
documented in children with velocardiofacial syndrome and congenital 
cricopharyngeal achalasia.79-81 
  
 
Figure 1.2 MBS image depicting presence of nasopharyngeal reflux (NPR). 
 
1.3.3. Post-swallow residue (PSR) 
PSR, also known as pharyngeal residue, residual or stasis, is considered present 
when there is coating of contrast along pharyngeal structures such as the 
aryepiglottic folds or posterior pharyngeal wall, and/or filling of the pharyngeal 
recesses including the valleculae and pyriform sinuses. While there is no data to 
specify what constitutes ‘normal’ coating, a thin mucosal coating or trace outline of 
contrast on structures has been considered normal in adults.82 Few severity grading 
systems for PSR have been described one in children9,12,83 and others in adults.82,84 
Eisenhuber classified PSR severity using a 3 point scale based on the height of the 
residual material (that exceeded a thin mucosal coating) seen in the valleculae 
and/or pyriform sinuses including: mild, <25%; moderate, 25-50%; and severe, >50% 
of the height of the structure.82 Presence of PSR in different pharyngeal locations 
has been attributed to different pathology. Presence of PSR in the valleculae is 
commonly associated with reduced tongue base movement, whereas that in the 
pyriform sinuses is associated with reduced hyolaryngeal elevation affecting 
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cricopharyngeal opening and bolus clearance, and that along the posterior 
pharyngeal wall related to reduced strength of the pharyngeal constrictors.66,85 
Diffuse PSR is associated with generalized dysmotility associated with impaired 
pharyngeal pressure generation and contraction of the pharyngeal constrictors. 
Reduced pharyngeal sensation may also be a contributing factor to the presence of 
PSR. PSR predisposes the child to aspiration after the swallow from pooled contrast 
or secretions falling forward into the unprotected airway.66  
 
  
Figure 1.3 MBS images depicting post-swallow residue (PSR). In 1.3A, PSR was 
mild as material was present only in the valleculae, whereas in B, severe PSR was 
demonstrated with radiographic material present in the valleculae and pyriform sinus 
after completion of the swallow. 
 
1.4. What is Oropharyngeal Aspiration (OPA)? 
OPA is defined as entry of food or fluids below the level of the vocal folds. 
Throughout current literature, there is inconsistency in the use of labels and case 
definitions in describing laryngeal penetration, aspiration and silent aspiration. 
Additionally, further sub-specification of types of aspiration such as oropharyngeal, 
salivary or reflux aspiration (section 1.4.3.1) would be helpful. Some labels have 
been used to describe different entities, and many different labels used for the same 
entity. While the term ‘chronic pulmonary aspiration’ is often used,86 it has 
encapsulated all forms of aspiration (e.g. oropharyngeal, salivary and reflux 
aspiration) often in combination, and reflects where the aspiration eventually ends 
A B 
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up, but not where it originates. It is the point of origin of the aspiration that 
determines first line diagnostic evaluations and interventions (behavioural, medical 
and surgical) required to address the source of the aspiration, rather than the effects 
of aspiration. For example, to address reflux aspiration, investigations to determine 
the presence of reflux, its severity and extent are required (e.g. upper GI fluoroscopy 
study/barium meal; ph probe, oesophageal impedence) and inform resulting medical 
and surgical interventions, and these investigations and interventions are different 
from those for OPA (e.g. MBS, FEES, etc). However, once the source of aspiration is 
identified, further extension testing may occur to clarify biomechanical dysfunction 
and focus treatment (e.g. pharyngeal impedence manometry to assess 
cricopharyngeal/UES tone following radiographic signs of bolus holdup, pyriform 
residue, nasopharyngeal backflow and OPA during MBS). Poor case definitions have 
ramifications for diagnosis, interpretation of diagnostic studies (such as MBS), 
evaluating the relationships with aetiologies and medical sequelae, determining the 
relative severity of the problem and formulating appropriate intervention strategies.  
 
OPA, silent aspiration and laryngeal penetration are particularly relevant to the 
respiratory system, the focus of my thesis. Hence, in the following sections, issues 
relating to the various label and definitions are further described and consolidated.  
 
1.4.1. Laryngeal penetration 
Laryngeal penetration is defined as presence of the entry of saliva, food or fluids into 
the larynx, but not passing below the vocal folds. The vocal folds are considered the 
demarcation point between penetration versus aspiration. Laryngeal penetration has 
also been described as supraglottic penetration.63 When it occurs in the absence of 
aspiration either during the same swallow or on subsequent swallows of the same 
consistency, it is termed ‘isolated laryngeal penetration’ (ILP).87 There is now a scale 
(the penetration-aspiration scale) that incorporates laryngeal penetration with 
aspiration. Before the development of the penetration-aspiration scale (PAS) by 
Rosenbek and colleagues88 (see Table 1.5), the term laryngeal penetration was also 
been used to describe aspiration.89  
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Table 1.4 Penetration-Aspiration Scale 88 
1. Material does not enter the airway  
2. Material enters the airway, remains above the vocal folds, and is ejected from 
the airway  
3. Material enters the airway, remains above the vocal folds, and is not ejected 
from the airway  
4. Material enters the airway, contacts the vocal folds, and is ejected from the 
airway  
5. Material enters the airway, contacts the vocal folds, and is not ejected from 
the airway  
6. Material enters the airway, passes below the vocal folds and is ejected into 
the larynx or out of the airway  
7. Material enters the airway, passes below the vocal folds, and is not ejected 
from the trachea despite effort  
8. Material enters the airway, passes below the vocal folds, and no effort is 
made to eject 
 
Often, laryngeal penetration is seen as equally important as aspiration in terms of its 
relationship with health effects and the necessity for interventions. However, one 
could argue, that as the material has not passed below the vocal folds into the lower 
trachea and respiratory tree, it is unlikely to have any effect or require any specific 
intervention. Some authors report laryngeal penetration in infants is a normal 
phenomenon,87 while a recent study on 149 adults (596 swallows) reported that 
laryngeal penetration (level 2 on the PAS) occurred very infrequently in 2.85% of 
swallows overall (PAS mean, 1.17± 66), with 3.4% of thin liquid boluses, and 1.3% of 
paste boluses. Friedman & Frazier90 investigated laryngeal penetration as a predictor 
for aspiration in 125 dysphagic children (aged 7 days to 19 years) and found that in 
31% of children demonstrating deep laryngeal penetration into the lower 1/3 of the 
laryngeal vestibule, 85% went on to aspirate. Moderate to deep laryngeal penetration 
was noted in 60% of children overall and deep laryngeal penetration was noted more 
frequently on thin liquids (91%), and progressively decreased in frequency with 
increasing thickness of fluid or food consistencies (thick liquid 60%, puree 42%, 
solids 10%). Deep laryngeal penetration was not found to be related to age, degree 
of oral motor impairment or diagnosis, but was related to fluid/food consistency and 
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delayed swallow initiation.90 Friedman & Frazier also classified contrast medium 
under the tip of the epiglottis (epiglottic undercoating) as normal. Thus, there is still 
some debate on as to whether laryngeal penetration is harmful, related to respiratory 
disease and worthy of intervention. 
 
Further data about the prevalence of laryngeal penetration with and without 
aspiration and its relationship to clinical signs, symptoms and respiratory sequelae 
may inform us as to whether a finding of laryngeal penetration on diagnostic studies 
requires active intervention. Throughout this thesis, I will use the term: isolated 
laryngeal penetration (ILP) to denote entry of saliva, food or fluids into the laryngeal 
vestibule, but not passing below the vocal folds, and in the absence of any aspiration 
occurring on any of the swallows for a given consistency. ILP will be analysed 
separately from children who might have both LP and OPA on a given 
texture/consistency, the latter being classified as children with OPA. ILP relates to 
levels 2 to 5 on the PAS. 
  
Figure 1.4 MBS images depicting laryngeal penetration. In (A), there is epiglottic 
undercoating (PAS 2). In (B) deep laryngeal penetration occurred into the lower third 
of the larynx, but did not pass below the vocal folds. In this child, the radiographic 
material was ejected during the swallow (not shown, PAS 4). 
 
The PAS is widely used in the field of speech pathology for the interpretation of MBS 
studies. In my thesis, the PAS was utilised a measure of laryngeal penetration, OPA 
and SA. This scale was developed and validated in an adult population, with 
A B 
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acceptable inter-rater reliability.88,91 The only study that reported reliability of the PAS 
in children was described in an abstract (no full journal publication was found on 
pubmed search on 15/10/2013).92 Gosa and colleagues described inter-rater 
reliability of t=0.989  (using Kendall’s tau) and intra-rater reliability of k=0.889 
(Cohen’s kappa) of the PAS in their abstract.92 Given the absence of a full 
publication and the unknown validity of the scale in children, I examined inter-rater 
reliability of the PAS across 3 textures in chapter 2 (supplementary component). The 
inter-rater reliability of excellent agreement for purees (k=0.84), and thick fluids 
(k=0.95) and very good agreement for thin fluids (k=0.792) (p<0.001 respectively).  
 
Other measures of laryngeal penetration severity are those described by Friedman & 
Frazier90 and Eisenhuber, et al.82 Both used a 3-point aspiration severity but neither 
provided any information on its validity or inter- or intra-rater reliability. Thus, these 
scales were not used in studies within this thesis. 
 
1.4.2. Oropharyngeal aspiration and silent aspiration 
Oropharyngeal aspiration (OPA), the passage of saliva, food or fluid below the vocal 
folds, has had numerous terms in the literature. These have included laryngeal 
penetration,89 subglottic penetration,93 tracheal penetration,94 tracheal soiling and 
aspiration. OPA can occur at multiple time points: before the swallow (due to a 
delayed pharyngeal swallow response with material entering the unprotected 
airway); during the swallow (due to impaired laryngeal valving/closure); and after the 
swallow (due to material from post-swallow residue in the pyriform sinuses or 
surrounding the larynx falling forward into the unprotected airway).66,85  
 
However, it is unknown whether the presence of any OPA can be considered 
normal. In Allen and colleagues’ study95 of 149 normal adults, aspiration occurred in 
a single individual (0.6% of the cohort). The individual was a 63 year old woman who 
aspirated on a single swallow of a 1 ml thin fluid bolus, but did not aspirate on any 
further swallows of 1 ml or larger boluses (3 ml or 30 ml). This accounted for 0.17% 
(1/596) of the total number of swallows. The authors concluded that aspiration on 
MBS is not a normal finding in adults. By inference, OPA may very rarely occur and 
is reflective of a random incidence of misdirection but repeated events are not 
considered normal. There are no such studies in paediatrics. 
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The volume of material during OPA is generally considered important. Zaloga 
defined ‘microaspiration’ as volume of aspiration  <1 ml of a bolus,96 and Wallis and 
Ryan defined large volume aspiration as greater than >0.8 ml per kilogram of body 
weight.97 However, this is difficult to determine during a procedure. Thus, terms such 
as microaspiration, trace aspiration, large volume aspiration and frank aspiration are 
commonly used to describe volumes aspirated during the MBS, and based on visual 
‘guestimates’ of how much contrast goes below the vocal folds. Overt OPA is 
considered present when the individual has some kind of response to the aspirated 
material, most commonly a cough. The laryngeal cough reflex is activated in 
response to stimulation of the mechanoreceptors and chemoreceptors lining the 
hypopharynx, laryngeal aditus and trachea, and generates a reflexive cough to expel 
the material.52 Arvedson described a classification based on the rapidity of the 
presence of cough in response to OPA:  immediate=cough occurred within 0-4 
seconds of the aspiration event, delayed=cough present within 5-19 seconds of the 
event and silent aspiration (SA)=cough absent or occurring after 20 seconds or 
more.98  In preterm infants however, the primary response to aspiration is the 
laryngeal chemoreflex as discussed in section 1.17.48 The clinical detection of OPA 
or SA during feeding observations is discussed further in section 1.6.1. For the 
purposes of the thesis, I have defined OPA as the passage of saliva, food or fluid 
below the vocal folds, corresponding to PAS levels 6 to 8. Silent aspiration or SA, is 
defined as the passage of saliva, food or fluid below the vocal folds without a cough 
response (determined at ≥ 20 seconds post aspiration event), PAS level 8.98 
Arvedson’s classification of cough response to OPA in determining immediate, 
delayed and absent cough was also utilized.98 
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Figure 1.5 MBS images depicting oropharyngeal aspiration (OPA). In (A), 
microaspiration is present with the radio-opague material seen below the vocal folds 
on the posterior tracheal wall during the swallow. In (B) a large volume aspiration 
occurred with the radio-opaque material seen outlining the trachea during the 
swallow. Both of these infants did not cough and failed to clear the contrast aspirated 
(silent aspiration, PAS 8). 
 
1.4.3. Other subtypes of  aspiration  
Salivary aspiration is a subset of OPA and relates to the swallowing mechanism’s 
ability to handle and cope with saliva production. Saliva swallows are approximately 
1-2 mls in volume in adults.99 Adult-based studies with small subject numbers (n=10 
and 20 respectively)100,101 investigated aspiration of saliva during sleep in normal 
adults. In 10-50% of subjects, aspiration of approximately 0.01-0.2 mls of saliva over 
the entire night-time period was described.100-102 In a study covering two nights, only 
2 of the 5 individuals who aspirated (from 10 participants) did so on both nights,100 
and salivary aspiration occurred during the lowered consciousness of deep sleep.101 
There is no literature investigating aspiration of saliva in normal infants and children 
during the awake or sleep states. Ethical considerations regarding radiation 
exposure (from MBS or nuclear medicine scans) disallows a study evaluating the 
incidence of laryngeal penetration, OPA and silent aspiration (SA) in young 
developmentally-appropriate children. It is expected that children who have OPA or 
SA, will have had some presence of saliva due to oral administration of food and 
fluids. Aspiration of saliva containing oral bacterial flora, particularly when the child 
A B 
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has dental caries or poor oral hygiene, aspiration pneumonia have been 
described.103,104    
 
Reflux aspiration, is the passage of gastroesophageal refluxate into the larynx and 
below the vocal folds. Gastroesophageal reflux (GOR) is the involuntary retrograde 
movement of gastric contents into the oesophagus, and may contain ingested food 
and drink, saliva, gastric, pancreatic and biliary secretions.105 Reflux aspiration has 
been associated with symptoms such as wheezing, cough, nocturnal cough, apnoea, 
stridor and lung infections.86 However, cause and effect is difficult to determine in 
individual children or distinguish from the effects of OPA. Reflux aspiration is 
potentially of more concern than OPA as the acid content of the refluxate and 
chemical injury to the lung are particularly harmful. In severe acute large volume 
GER aspiration, pneumonitis and Mendelson’s syndrome including severe alveolar 
damage, oedema, haemorrhage and pulmonary necrosis has been described.106 
However, Morton and colleagues13 found in their study of 34 children (mean age 7 
years) with severe physical and mental disability that children with GOR without OPA 
were less likely have respiratory tract infection that those with OPA.13 While this 
study used objective methods: MBS to define OPA and oesophageal pHmetry to 
define GOR, statistical analysis was restricted to descriptions only.13 No regression 
analysis was performed.  
 
Hence, further research is required to determine the relative effects of aspiration 
related to GOR versus OPA to be able to inform clinical practice. Reflux aspiration is 
not the focus of this thesis. However, where possible and appropriate, the presence 
of GOR for each child was determined during the chart reviews. Presence of acid-
GOR was defined when 24-hour ambulatory oesophageal pH-metry showed a reflux 
index (% time pH <4) of >10% in infants (aged ≤ 1 year) and ≥4% in children aged > 
1year. GOR was included in regression analysis to separate its effects from OPA in 
chapters 2 and 5.  
 
So far, the above sections have described issues relating to the definitions of 
aspiration and pharyngeal phase dysfunction. These are summarised in figure 1.6 & 
1.7. The following sections (1.5 to 1.8) describe the diagnosis, clinical consequences 
and management of OPA. 
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Figure 1.6 Dysphagia Pathway - * Focus of this thesis 
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Figure 1.7 Aspiration Pathway - *Focus of this thesis   
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1.5. Why is Aspiration Important? 
Currently, much of the experimental literature on effects of aspiration has come from 
animal studies. Prior to studies described within this thesis, clinical research on the 
effects of aspiration in children is predominantly descriptive and further limited from 
the lack of consistency in definitions and terms among studies. Often multiple forms 
of aspiration may be included in the studies (e.g. OPA and reflux aspiration), but 
lumped under a generic term such as chronic pulmonary aspiration. Hence, there is 
minimal information from paediatric populations with well controlled trials 
investigating the specific effects of each individual type of aspiration (i.e. OPA, 
salivary aspiration or reflux aspiration) or the cumulative effects of multiple types. 
Hence some of these aspects represent a clinical research gap and issues related to 
OPA are addressed in chapters 2, 3, 5, 6 and 7.  
 
1.5.1. Airway response to aspiration 
 
1.5.1.1. Airway response 
Airway responses to aspiration range from acute clinical responses to medium and 
long term effects. Acute, immediate responses may include respiratory distress, 
wheeze, coughing, choking, airway obstruction, shortness of breath, cyanosis or 
hypoxia, apnoea and bradycardia, apparent life threatening episode, tachypnea, 
tachycardia, stridor, vocal hoarseness/laryngitis and possibly development of fever 
(>38.5o Celsius).2,96,107,108 The immediate response of young infants to OPA is 
usually the symptom complex associated with the LCR response, while older 
children respond with a cough (as discussed in section 1.1.7).48,53 
 
Longer term effects may include laryngeal swelling, cobblestoning of the trachea, 
atelectasis, bronchiectasis (with or without lung abscess, pulmonary haemorrhage), 
bronchospasm, bronchitis, obliterative bronchiolitis, laryngeal injury, interstitial 
fibrosis, chronic basal lobar collapse, airway hyper-reactivity, need for supplemental 
oxygen, recurrent lower respiratory tract infections (LRTIs), chronic cough and 
recurrent pneumonia.2,96,97,109,110  
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1.5.1.2. Pneumonia 
The development of pneumonia is frequently used by general physicians and speech 
pathologists as a marker in clinical practice when looking at adverse effects of OPA 
in children. However, given the range of adverse effects noted above, one would 
question whether pneumonia is indeed a good, sensitive and/or reliable marker of 
OPA upon which to intervene. OPA has been reported as the most common cause 
of recurrent pneumonia (48%) in childhood.1,111,112 Recurrent pneumonia accounts 
for approximately 8% of children requiring hospitalization for pneumonia.1 Causality 
and a linear relationship has been assumed, whereby the larger the volume and the 
thicker the consistency of food aspirated, the more likely pneumonia is to occur. The 
relationship between OPA of different food/fluid textures and the development of 
pneumonia was supported by Taniguchi and Moyer,20 who retrospectively examined 
the risk factors for ‘pneumonia’ in 142 children (median age 33 months) with 
neurological impairment and dysphagia who had had  MBS studies.  They found that 
although aspiration of thin fluids incurred no increased risk for pneumonia, children 
who aspirated thickened fluids and puree textures had a 2.6 times (95%CI 1.2, 2.9) 
and 9.3 times (95%CI 2.0, 43.6) greater risk of having pneumonia respectively.20 
They also found that younger infants were more likely to develop pneumonia. While 
Taniguchi and Moyer used objective determination of OPA via MBS, they used a 
very simple definition of pneumonia, determined by physician notation in the medical 
chart. However, this linear relationship is called into question, with reports of children 
with documented episodic or chronic aspiration having no reported episodes of 
pneumonia and seemingly little health effects.97,113   
 
Some studies reporting the relationship between OPA and pneumonia have used 
loose definitions of pneumonia such as those based on notation in medical files20 
without complying to specific criteria such those of the World Health Organization 
criteria (presence of cough, fever: 38.5 degrees celsius, tachypnoea above specified 
rate for age and dyspnoea). Others have reported aspiration pneumonia based on 
presence of pneumonia in children with feeding problems and neurodevelopmental 
disability, but without documented evidence of OPA on objective evaluation (e.g. 
MBS or FEES) or controlling for other forms of aspiration. Additionally when looking 
at the relationship between OPA and pneumonia or respiratory disease, little 
attention has been given to the developing immune system of infants, co-morbidities 
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or disease processes, or environmental risk factors predisposing young children to 
pneumonia or recurrent LRTIs. Some of these may include method of infant feeding, 
number of siblings, attendance at day-care, indigenous status, smoking in the home, 
mobility, gastroesophageal reflux, nutrition, allergy and the presence of respiratory 
disease such as asthma and chronic neonatal lung disease. 111,112,114,115  
 
To gain some clarity, further research investigating the relationship between OPA 
(and other types of swallowing dysfunction) and pneumonia, whilst controlling for 
GOR and other host factors, is clearly needed. Thus, in chapter 5, I have 
investigated the association between WHO defined pneumonia, OPA and other 
types of swallowing dysfunction, consistency of aspirated food/fluid controlling for 
comorbidities.  
 
1.5.2. Factors affecting airway response to aspiration 
The airway response to aspiration depends upon a number of factors including the 
nature of the aspirated material, host characteristics, age and timing of exposure and 
environmental factors and social factors, some of which will be discussed below.2,97 
 
1.5.2.1. Nature of the aspirated material 
Factors related to the nature of the aspirated material (some previously described in 
section 1.4.3) include the acidity level, microbial content, volume of aspiration and 
structure of aspirated material. Acidity levels with pH below 2.5 have been shown to 
result in a more prolonged inflammatory response in animal studies and gastric 
aspirate >0.3 mls per kilo of body weight is thought to result in pneumonitis.104  
 
Volume of the aspirated material impacts on the clinical response. Large-volume 
aspirations (0.8ml per kilo of body weight) is associated with rapid and acute 
hypoxia,116 whilst recurrent small volume aspiration results in chronic damage such 
as bronchiectasis, bronchiolectasis and interstitial changes.97 The structure of the 
aspirated material, either liquid, particulate matter with fine or coarse particles, solid 
matter or containing oil or mineral substances also influences the lung response. 
Aspiration of macroscopic solid matter may cause acute hypoxia, airway obstruction, 
partial lung collapse, and distal air trapping. A delayed, but exaggerated 
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inflammatory response may be seen with vegetable matter.117 Liquids are more 
easily cleared from the airway through coughing and mucociliary clearance 
mechanisms, but liquid particles may produce hypoxia and an inflammatory 
response in the distal airways.97 Whilst acute effects have been described in 
response to large volume aspiration of barium during Upper GI studies, there have 
been no reported adverse effects of barium aspiration during modified barium 
swallow studies in infants or children.118,119 Acute aspiration (other than that 
observed during CFE and MBS evaluation) is outside the scope of this thesis and is 
generally managed by respiratory physicians and otolaryngologists. However, 
studies in chapters 3 and 5 investigating clinical signs and pneumonia associated 
with OPA, have OPA/swallowing dysfunction on food/fluids of various consistencies 
as part of the regression analysis.   
 
1.5.2.2. Host factors 
Host factors may include comorbidities or diagnostic conditions predisposing children 
to OPA, respiratory disease or affecting their ability to respond to OPA. Conditions 
predisposing children to OPD and OPA were described in Table 1.3. However some 
conditions such as chronic neonatal lung disease or bronchopulmonary dysplasia, 
down syndrome, and asthma predispose children to frequent LRTIs and pneumonia 
of viral origins, which may complicate the clinical picture when attempting to 
determine likelihood or effects of OPA. Similarly other conditions affect the child’s 
response to aspiration, such as mucociliary clearance disorders such as cystic 
fibrosis affecting the ability to clear aspirated material, neurological disorders such as 
cerebral palsy or thoracic structural disorders which may blunt cough mechanisms, 
immunodeficiency disorders and those with GOR or poor nutrition.2,20,97 Additionally, 
ethnicity may be associated with OPA or associated respiratory effects. Rempel and 
colleagues investigated aspiration in 325 Canadian children evaluated on MBS, and 
found that OPA was associated with LRTIs and congested upper airway noises after 
eating. However, when they compared children based on indigenous status, 
indigenous children were significantly more likely to aspirate, have LRTIs and 
congested upper airway noises than non-indigenous children. It was unclear whether 
OPA was associated with biological factors inherent to ethnicity or environmental 
factors in the lifestyles of indigenous children. 120 
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1.5.2.3. Environmental and social factors 
Additional to previously mentioned factors associated with LRTIs and pneumonia 
(method of infant feeding, number of siblings, attendance at daycare, indigenous 
status, smoking in the home, mobility, gastroesophageal reflux, nutrition, allergy and 
the presence of respiratory disease such as asthma and chronic neonatal lung 
disease),111,112,114,115 other factors which may affect a child’s response to OPA 
include hypotonia and presence of a tracheostomy tube.20,121  A range of feeding 
interventions such as modifications to feeding routines, food and fluid textures and 
compensatory techniques and parent/care adherence to recommendations may also 
affect the child’s response to aspiration and discussed further in section 1.8. 
 
Hence, OPA and other forms of aspiration are important in terms of their short and 
long term effects on respiratory function and pulmonary health. However, our 
simplistic view of a causal and linear association between OPA and pneumonia is 
challenged through clinical cases where aspiration is identified with little apparent 
detriment, leaving us to question whether aspiration is important. Effects of OPA and 
other forms of aspiration are difficult to determine due to the poor methodology of 
available literature, as are their relative effects when taking into account co-
morbidities predisposing children to respiratory disease. As part of this thesis, I 
investigated the association between pneumonia and OPA on different foods and 
fluids, while controlling for co-morbidities and GOR in chapter 5. 
 
 
1.6. How are OPA and Oropharyngeal Dysphagia Diagnosed 
Clinically? 
There are two approaches for diagnosing OPA and oropharyngeal dysphagia; 
clinically (subjective impressions drawn from a clinical feeding evaluation, CFE) and 
through visualisation from specific instrumental investigations such as the MBS. In 
addition, aspiration may be diagnosed or inferred by nuclear medicine studies (eg 
salivagram) and effects on the airways (such as presence of free lipids or high lipid 
laden macrophage scores in the bronchoalveolar lavage). Only the first two broad 
categories are considered in this thesis.  
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In Australia, the speech pathologist has an active role in the clinical feeding 
evaluation (CFE) and instrumental evaluations of oropharyngeal dysphagia and OPA 
as described below. The CFE includes a medical chart review and clinical case 
history followed by clinical observation of the child’s mealtime. Following the CFE, 
recommendations for further instrumental evaluation of swallowing are undertaken 
using a modified barium swallow (MBS) or fiberoptic endoscopic evaluation of 
swallowing (FEES). Throughout this thesis, instrumental evaluation was conducted 
via MBS, as FEES is not readily available at our institution.  Children participating in 
the MBS studies involved in studies described in his chapters 2-5 and 7 also 
attended a CFE (detailed below). This included completion of a ‘clinician’s pre-MBS 
checklist’ (Appendix 1) which detailed presence/absence of clinical signs of OPA and 
pharyngeal phase dysfunction, information on the oral and pharyngeal phases of 
swallowing and priorities for the MBS. 
 
The CFE is comprised of history taking (section 1.6.1) and mealtime observations 
(section 1.6.2).  
 
1.6.1. Clinical Feeding Evaluation: Obtaining a history 
Before the CFE, history taking consists of (a) reviewing the referral information, (b) a 
medical chart review and, (c) obtaining specific details about the child from his/her 
carer. A comprehensive history is completed by the child’s carer and includes family, 
medical, developmental and feeding history. The history also provides information on 
the feeding environment, parent-child interaction and parental concerns.63,97,108,109,122  
 
1.6.2. Clinical Feeding Evaluation: Mealtime observation 
After obtaining the appropriate history above, the speech pathologist proceeds to a 
pre-feeding evaluation. This involves observation of the child at rest, determining 
how the child handles saliva secretions and presence of drooling, observation of 
general posture; positioning and movement patterns; respiratory patterns; the child’s 
response to stimuli (tactile, visual, auditory, olfactory); arousal state including 
responsiveness, temperament and affect; interaction and communication; and self-
regulation and self-calming.122-124 Following this, an oral structure and function 
assessment (oral sensorimotor assessment) is performed to evaluate structure, 
symmetry, tone and movement of the facial features including jaw, lips, tongue, 
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cheeks, hard and soft palates and uvula. Evaluation of oral reflexes, both normal and 
abnormal, laryngeal function and movement during non-feeding related tasks and/or 
non-nutritive sucking (where age appropriate) provides information on cranial nerve 
function.77,108,122,123,125 This may be a formal or informal evaluation as appropriate to 
the child’s age and cognitive function, and provides information on the child’s 
suitability for an oral feeding trial. 
 
The oral feeding trial usually takes approximately 15-30 minutes and entails 
observation of the child eating and drinking, with or without carer assistance. It may 
involve evaluation of feeding readiness and satiation cues, breastfeeding, bottle 
feeding, drinking from various utensils such as a spout cup, an open cup or straw, 
spoon feeding and eating solids. The child’s typical utensils are used, the carer told 
to feed their child as close to possible as they would at home with foods that are 
eaten readily by the child and those that present difficulty. The child’s oral 
sensorimotor, swallowing and self-feeding skills are assessed, including oral, oral-
preparatory and pharyngeal phases, and physiological and behavioural responses.  
Clinical signs of OPA and other swallowing dysfunction are observed, and discussed 
further in section 1.7.1. Initial interventions may be trialled to evaluate their effects, 
such as trialling new utensils, food or fluid textures, pacing, and swallowing 
strategies; and recommendations for further investigations are made.122,125 
 
The use of formal measures of oral motor and feeding assessment for identification 
of oropharyngeal dysphagia and feeding difficulties, while no means ‘objective’, 
certainly improves the reliability and consistency of observations of oral sensorimotor 
and feeding skills during the CFE. Two such measures at the time of commencing 
this study included the Schedule for Oral Motor Assessment (SOMA)126-128 and the 
Dysphagia Disorders Survey (DDS).129,130  The SOMA is a discriminative test which 
identifies oral-motor dysfunction during feeding in skills mastered from 8 to 24 
months, and is skewed to detecting moderate to severe oral motor dysfunction. (This 
measure is no longer in print). The DDS is a screening test of feeding function, which 
at the time of commencing the study (and currently) was only available through 
attendance at a 2 day certification course which was infrequently presented in 
Australia. It is described as an evaluative measure for screening signs of oral, 
pharyngeal and oesophageal dysphagia in children and adults with developmental 
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disability.129 The original validation described in the manual was on 626 individuals 
with developmental disability, ranging from 3-78 years of age (mean age 37.71 
years), but with 95% being over the age of 18 years. This suggests approximately 32 
children ranging from 3-18 year were included, however no specific paediatric data 
was described. Further validation data has been published this year (2014) on a total 
of 654 individual, 8-82 years with 0.8% <11 years, and 8% between 11 and 20 years 
of age.130 Both the SOMA and DDS have minimal items looking at signs and 
symptoms suggestive of aspiration. A recent clinimetric review of measures of 
oropharyngeal dysphagia by our colleagues found that ‘there is no single measure 
that represents a systematic and comprehensive evaluation of OPD (oropharyngeal 
dysphagia) in feeding for the clinical setting.131  Hence, as clinical signs and 
symptoms of aspiration were the focus of this thesis, extensive observations of lips, 
tongue and jaw functions in spoon feeding, chewing and drinking were unnecessary, 
and a structured oral motor/feeding evaluation (with limited reliability) over and 
above the standard CFE was considered unnecessary extra work for clinicians. 
However, more extensive observation and recording of clinical signs and symptoms 
of aspiration and pharyngeal phase dysfunction across the full range of food textures 
and fluid consistencies ingested by each child (beyond the scope of the SOMA, DDS 
and other measures) was considered necessary for this thesis and included as part 
of the CFE. Specific signs and symptoms (described in chapter 3) were recorded on 
“Referring Clinicians MBS Pre-Assessment Form”. This is further described in 
section 1.7.1 and included in Appendix 1. 
 
1.6.3. Clinical Feeding Evaluation: Strengths and limitations 
While oral sensorimotor function during the oral phase is readily observable during 
the CFE, the pharyngeal phase cannot be visualised, and function is inferred. A 
comprehensive analysis of oral phase function including jaw, lip, tongue and cheek 
function during activities of sucking, spoon feeding, chewing and drinking can be 
undertaken through direct observation of the child. A range of formal clinical 
assessment measures can be used during the CFE to improve observations and 
classification of OPD and dysfunction.122,126,127,129  Most measures give a 
comprehensive analysis of the oral phase skills, but have limited items that 
specifically relate to the pharyngeal phase of swallowing OPA. No measure has a 
comprehensive list of clinical signs to observe for, with most tests listing coughing, 
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gagging and choking as the only clinical signs to consider.132-136 Others support 
observation and/or palpation of laryngeal elevation with the ‘four finger test’. 
However, this can be difficult in infants due to infant anatomy, subcutaneous adipose 
tissue and infant behaviour. Additionally there is no objective data on range of 
laryngeal excursion in infants and young children.  
 
A frequently cited limitation of the CFE is its poor ability to detect OPA, SA, and other 
types of pharyngeal phase swallowing dysfunction, with subsequent inappropriate 
dietary recommendations, and potentially detrimental health effects. However, with 
this in mind, clinicians have tended to ‘err on the side of caution’ with more restrictive 
feeding recommendations. An early study of 33 children (aged 9 months to 19 years) 
compared feeding recommendations assigned following CFE with those of a 
subsequent MBS (which combined the information from both CFE and MBS 
evaluations). Children were tested on thin liquids, thickened paste, and biscuit during 
the MBS. Fourteen children (42%) changed categories with 5 (15%) moving to a 
more restrictive category presumably due to detection of OPA on MBS, and 9 (27%) 
moving to a less restrictive category.137 Likewise, De Matteo and colleagues found 
that clinicians tended to err on the side of caution and over detect aspiration on 
fluids.138 They reported that CFE had a high sensitivity 92±11%, but lower specificity 
46±17% for detecting thin fluid OPA; and lower sensitivity 33±38% for detecting solid 
OPA. Thus, the majority of children are being unnecessarily restricted in terms of 
their diet (most often fluids), but with some being place on liberal diets which are 
potentially causing them harm.  
 
More recently, the “3-ounce (90cc) water swallow challenge”, previously used as a 
screening test for OPD in adults, was evaluated in 56 children (age 2-18 years, 33% 
male) to determine aspiration status and oral feeding recommendations in children 
when compared to objective evaluation of puree and thin fluid trials via FEES.139 A 
‘pass’ entailed the ability to consume the entire 90 mls of water from a cup or straw 
without interruption, and without coughing or choking during or up to 1 minute after 
completion. Sixty-one percent of children failed the test which showed sensitivity 
(100%), specificity (51%), positive predictive value (38%) and negative predictive 
value (100%) for detection of aspiration confirmed by FEES. The authors found that 
if the challenge was passed, thin fluids and other food consistencies can be 
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recommended confidently without the need for MBS and FEES.139 However, those 
that fail the test would presumably need objective investigations to identify OPA and 
define their swallowing disorder. While promising, this screening test requires further 
evaluation in larger participant numbers and with a range of paediatric populations 
predisposed to dysphagia and silent aspiration.  
 
1.6.4. Improving the clinical detection of Oropharyngeal Aspiration and 
Oropharyngeal Dysphagia  
 
Improving clinicians’ abilities to detect OPA and other types of pharyngeal 
swallowing dysfunction during the CFE is important in the clinical setting. This will 
more accurately detect OPA in children and determine those who require further 
investigation, thus potentially reducing the number of children exposed to radiation 
and/or other invasive procedures. An immediate way to address this is to increase 
our understanding of the range of clinical signs associated with OPA as described 
below. 
 
1.6.4.1. Clinical signs and symptoms of oropharyngeal aspiration and 
dysphagia 
Clinical signs of OPA or swallowing dysfunction can be observed during the CFE, 
however there is limited data as to their sensitivity and specificity for identifying OPA 
or other forms of swallowing dysfunction. The most commonly reported signs of OPA 
from literature reviews include coughing, choking, gagging, throat clearing, apnoeas, 
cyanosis, oxygen desaturations, tachypnea, bradycardia, colour changes, wet 
respirations/ breathing, wet voice, wheeze, stridor, and congestion.63,74,97,109,123,140,141 
However there is little data from experimental studies, specifically investigating these 
associations. 
 
DeMatteo and colleagues138 examined various clinical predictors of aspiration and 
penetration of fluids and solids observed during CFE and compared with MBS 
results. They found that the combinations of cough+voice changes+gag (Relative 
Risk, RR 1.7, p<0.05), cough+voice changes+colour changes (RR1.6, p<0.05), 
cough+delayed swallow+gag (RR 1.6, p<0.05), cough+voice changes (RR 1.5, 
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p<0.05) and cough +delayed swallow (RR 1.5, p<0.05) significantly predicted 
aspiration of fluid. Combinations of cough+gag+reflux behaviours (RR 2.3, p<0.05), 
cough+gag (RR 2.1, p<0.05), and cough (RR 1.3, p<0.05) predicted laryngeal 
penetration of fluids. No combinations were significant for predicting aspiration or 
penetration of solids. Other than cough predicting laryngeal penetration, no other 
clinical signs in isolation predicted aspiration of either fluids or solids.138 While the 
study by DeMatteo and colleagues138  systematically evaluated the clinical signs, the 
lack of clear definitions of aspiration and laryngeal penetration was a limitation. For 
example, it is unclear whether the authors were referring to isolated laryngeal 
penetration (ILP), or whether children determined as having laryngeal penetration 
also had aspiration on the same consistency tested, thereby potentially 
contaminating results for the prediction of laryngeal penetration. As discussed in 
section 1.4, it is important to be able to accurately distinguish ILP from OPA, in terms 
of clinical signs and determining respiratory effects of each, to be able to tailor 
appropriate feeding recommendations, and not unduly restrict children from fluids or 
textures unnecessarily (further discussed in section 1.8). 
 
Although wet voice is a common clinical sign that speech pathologists use as an 
indicator for OPA, there is little evidence to support this when used as an isolated 
sign. Recent adult-based studies using acoustic analysis of voice samples taken pre- 
and post-liquid swallows during MBS, found no correlation with penetration and/or 
aspiration.142-144 These studies grouped laryngeal penetration with aspiration. The 
inclusion of isolated laryngeal penetration potentially dilutes findings, particularly if it 
is just epiglottic undercoating with material not entering the lower laryngeal vestibule 
or contacting the vocal cords, whereas wet voice may be an indicator of just OPA.  
 
Congested upper airway noises during eating were recently found to be significantly 
associated with aspiration in indigenous and non-indigenous children.120 However, 
this term is rather non-specific as “congestion” located in the chest may relate to 
OPA, transmitted sounds and/or related fremitus. If located in the throat, it may relate 
to moderate to severe pharyngeal residue of saliva or food/fluids and if located in the 
nose, it may relate to nasopharyngeal reflux or nasal regurgitation. Hence, more 
specific descriptive labels such as ‘fremitus/rattly chest’, ‘gurgly throat’ or ‘snuffly 
nose’ are more discriminative for the location of congestion and able to be more 
46
 
 
accurately linked with OPA and other different types of swallowing dysfunction of the 
pharyngeal phase observed on MBS. 
 
While stridor is mentioned as an indicator of OPA, it is most frequently associated 
with obstruction or flow limitation145 associated with structural anomalies such as 
laryngomalacia, vocal cord palsy, subglottic masses or webs, and 
tracheobronchomalacia.77,146,147 These anomalies may have associated OPA, but 
whether or not stridor is a direct consequence of OPA itself is not clear. Likewise, 
wheeze is commonly reported as a consequence of OPA. Transient early wheeze is 
observed in the younger, otherwise healthy infants, until approximately 3 years of 
age,148 a period where the lower respiratory tract is continuing to develop 
(approximately 2 years of age). Beyond that, it is most often associated with asthma, 
but suspected as a consequence of silent OPA when children are unresponsive to 
medical interventions. Wheeze is a frequently used, but poorly understood term by 
parents, who may report this to physicians. Parents may report wheeze for other 
symptoms such as ‘rattle’ (or congested chest).149,150 Whether wheeze is a symptom 
of OPA that is detectable during a CFE remains unclear. 
 
Hence, while many clinical signs have been reported to be related to OPA and other 
forms of swallowing dysfunction, there remains a lack of evidence investigating each 
sign with objectively identified OPA. Further research examining the relationship of a 
comprehensive list of clinical signs noted during CFE with OPA and other forms of 
pharyngeal swallowing dysfunction observed on MBS is required. This clinical gap is 
addressed in chapter 3, where the clinical signs and symptoms of OPA and 
dysphagia were systematically compared to objective confirmation of OPA, ILP, and 
PSR on MBS.  
 
1.6.4.2  Other tools used during a CFE 
While most speech pathologists currently look at clinical signs to determine OPA 
during the CFE, the use of pulse oximetry and cervical auscultation are two 
instrumental measures emerging in clinical practice that might improve the clinical 
detection of OPA. Limited information is available for both of these tools in paediatric 
practice with little evidence to support their detection of OPA. A statistically 
significant, but clinically minor drop in oxygen saturation levels was found during 
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clinical feeding trials in 9 children with severe physical disability and feeding 
difficulties compared to age-matched controls.151 Mean SpO2 of children with 
dysphagia was 97.9 ±0.68% and that of controls was 98.1 ±0.35% at pre-feeding 
baseline (p<0.6). During feeding the respective values were 96.6±0.93% and 97.9 
±0.32%(p<0.0001), and 97.9±0.45% and 98.2±0.37% (p<0.51) post-feed.151 
However, no comparison was made between pulse oximetry with objectively 
observed OPA events on MBS.  
 
Similarly, for cervical auscultation (swallowing sounds are recorded via microphone 
or accelerometer, or listened to by placing the stethoscope on the neck), there are 
no published paediatric studies validating its ability to detect OPA in children. 
Although further research into both of these tools to support clinical detection of OPA 
during the CFE is required, it is not the focus of this thesis. 
 
1.7. Objective Evaluation of OPA and Pharyngeal Swallowing 
Dysfunction 
 
1.7.1. Modified Barium Swallow Study (MBS) 
1.7.1.1. Procedure 
The MBS or videofluoroscopic swallow study (VFSS) is a dynamic x-ray study of the 
swallowing mechanism of a child eating food and/or drinking fluids mixed with radio-
opaque contrast such as barium sulphate or water soluble contrast such as 
omnipaque.  It is currently considered the ‘gold standard’ and most widely used 
objective evaluation for investigating OPD and OPA in young children.122,152,153 While 
team member and roles may vary across countries, the following will be a description 
of usual practice in Australia, where this research has been conducted. The following 
procedures were utilised for all MBS studies involved in the various studies involved 
in this thesis including chapters 2, 3, 4, 5 and 7. 
 
The MBS team involves a speech pathologist, paediatric radiologist, radiographer153 
and paediatric nurse. While the limitations of the CFE have been discussed, it is 
essential for children to have a CFE prior to the MBS to facilitate diagnostic planning 
and priorities for the procedure.154 At our institution, Royal Children’s Hospital (RCH), 
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Brisbane, this also entails completion of a “Referring Clinicians MBS Pre-
Assessment Form” (Appendix 1), containing information the child’s performance on 
their CFE, including clinical signs of oropharyngeal aspiration or pharyngeal phase 
swallowing dysfunction and oropharyngeal dysphagia severity level.  The form is 
completed by the child’s referring speech pathologist. 
 
During the MBS, the child is positioned approximating their usual feeding position, 
such as upright in a suitable paediatric chair, semi-reclined in an infant seat, or side-
lying for some infants.153,154 Positioning supports for feet, hips, trunk and head are 
utilised where necessary. The food and fluids are prepared, and presentation order 
determined by the speech pathologist. While there is no universally accepted 
protocol regarding the range of textures used or order of presentations, and an 
‘individualised’ approach is advocated,153,154 at our institution, a basic protocol exists, 
which is then individualised to each child. This may depend upon the child’s age, 
aetiologies and medical diagnoses, CFE results with respect to oral sensorimotor 
skills, swallowing and clinical signs of OPA or pharyngeal phase dysfunction, the 
child’s feeding behaviours and aversive responses, parental advice and specific 
concerns of their treating speech pathologist or physician. Usually 2-3 presentations 
of each food and/or fluid consistency are given to obtain multiple trials of each 
texture.66,153,154 Some authors advocate starting with a thin fluid and gradually 
increasing the texture range, while others start with the ‘safest’ textures/fluid 
consistencies and progressively move to more difficult textures to minimise the 
aspiration risk.66 At our institution, textures typically included are purees, lumpy 
mashed (semisolid) textures, chewable solid (biscuit or sandwich), thickened fluids 
(mild, moderate, extremely thick consistent with the Speech Pathology Australia 
standardised thickened fluids),155 an ‘AR thick’ (infant anti-regurgitation thick fluid) 
and thin fluid.66,153  The child’s regular utensils (bottles, teats, cups, spoons, etc) are 
used and the child’s parent or carer presents the food and fluids.153 During the MBS, 
variations may be evaluated to determine their therapeutic effect, such as postural 
variations, altering head and neck position, changing bolus size or texture, effect of 
additional dry swallows or cyclic ingestion, bolus placement in the mouth, change in 
utensils or teats (e.g. flow rates, etc) and therapeutic manoeuvres.66  
 
49
 
 
Radiographic views are usually in the lateral position with coning to include the 
anterior border at the lips, superior border above the nasal cavity, posterior border at 
the cervical spine and inferior border below the UES and vocal folds giving a view of 
the upper trachea and upper oesophagus.66,153,154 It recommended that one scan 
lower to view the oesophagus is conducted at the end of the procedure to view 
oesophageal clearance, but the above borders are maintained throughout most of 
the study in order to view the oral and pharyngeal phases.122 Swallows viewed in the 
antero-posterior views are included if there is obvious or suspected asymmetry, 
unilateral neurological impairment or if obstruction or anatomical anomaly is noted 
during the MBS and further evaluation is required.66,153,154 In paediatrics, every effort 
is made to limit fluoroscopy ‘on-time’ and radiation exposure to children, parents and 
staff,66,153 however this will be discussed in more detail in section 1.7.1.3. 
 
The MBS studies are digitally recorded and often a single spot film recorded for the 
radiology reporting system. Following the MBS, the swallows are reviewed by the 
speech pathologist and radiologist to determine findings and swallowing 
dysfunction.66,153,154 The study is then reviewed with the parents/carers to discuss 
preliminary findings and initial feeding recommendations, which are based on 
findings from both the CFE and MBS.66,153,154 Following conclusion of the MBS clinic, 
the study is evaluated in more detail using a detailed analysis sheet to interpret 
swallowing function and dysfunction throughout all phases of the swallow in more 
detail. At RCH, this is done using the Modified Barium Swallow Data Analysis Sheet 
(Appendix 2) and recommendations are determined using the MBS Feeding 
Recommendations Summary Form (Appendix 3). Following this detailed analysis, a 
report including history, radiographic findings and feeding recommendations is 
completed. 
  
1.7.1.2. Strengths and Limitations of MBS 
The MBS is the only assessment that provides visualisation of anatomy, swallowing 
function and airway protection during all phases of the swallow, and during 
compensatory or therapeutic manoeuvres. It can particularly detect OPA, SA and 
non-overt NPR during the swallow, which is not observable during the CFE. It is well 
tolerated in very young infants, toddlers and older children, and can be performed 
with tubing in situ (e.g. nasogastric tubes, subnasal oxygen tubing, tracheostomy 
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tubes).153  The MBS has contributed detail of the pharyngeal phase of swallowing for 
a range of diagnoses such as cerebral palsy,9,17,19,98,156-158 congenital pharyngeal 
dysfunction,159 congenital cricopharyngeal achalasia,79,80 congenital heart disease,160 
metabolic and genetic disorders,81,161-164 congenital neuromuscular disorders,165,166 
infants with respiratory syncytial virus,7,8,94 and children with respiratory disease with 
no apparent risk factors.3 
 
Limitations include the need for an interdisciplinary team to conduct the assessment, 
availability of MBS suite, compliance of the child, expense, and the most importantly, 
the use of ionizing radiation.153 MBS is generally well accepted by children if they are 
fasted prior to the procedure,66,153 however if children are non-compliant with 
aversive behaviours during the CFE, the MBS study may or may not be 
representative of their swallowing function during mealtimes, depending upon 
whether similar behaviour is regularly exhibited during mealtimes at home or not. It is 
important to question the parents/carers as to whether their child’s behaviour during 
the study was typical. The study is taken at a single time point and limited to 2-4 
minutes of fluoro on-time which may not be representative of function over a full 
meal or the course of a day.66,153 However, incorporating a ‘fatigue test’ where 
intermittent screening occurs as the child ingests regular quantities consumed during 
a bottle feed or mealtime, can increase the representativeness of the study.153 These 
limitations are addressed in this thesis by incorporating fasting, caregiver questioning 
on child behaviour and study representativeness, and fatigue tests (where 
applicable) into children’s MBS procedures conducted in studies forming chapters 2, 
3, 4, 5 and 7.  
 
Another potential limitation of the MBS is the ‘subjective’ nature of the MBS 
interpretation. While the procedure itself allows visualisation of the phases of the 
swallow, interpretation of the study itself, the radiographic signs observed, comment 
on the underlying pathophysiology contributing to signs and treatment/management 
recommendations are made by individual speech pathologists, and thus subject to 
variation. There are currently no published studies in the paediatric literature 
specifically investigating intra-rater and inter-rater reliability for MBS interpretation. 
However a recent systematic review investigating intra- and inter-rater reliability for 
measures in videofluoroscopic evaluation of swallowing in adult populations 
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identified 19 studies, but found many studies had methodological issues and there 
was insufficient quality to conduct a meta-analysis.167 Use of scales to measure 
penetration-aspiration, vallecular and pyriform residue such as the PAS,88 a 
valleculae residue ratio (VRR)168 and pharyngeal residue severity scale82,169 
generally had acceptable, or moderate to good intra-and inter-rater reliability, whilst 
interpretation of other functional components did not.170,171 Intra-rater reliability has 
been found to be consistently better than inter-rater reliability, indicating clinicians 
have their own internal representation of swallowing by which they make their 
decisions. However, increased agreement between raters has been achieved with 
only a few hours of training to criteria and particularly after discussion or 
consensus.172 A number of recommendations to reduce subjectivity of MBS 
interpretation and improve reliability included: clinicians (raters) should have 
education in procedural protocols and training to criteria for interpretation of MBS 
measures which use well-defined guidelines to interpret variables; inter-rater 
reliability training with discussion and consensus around variables definitions; and 
use of scales with reliability data where possible.167 The only paediatric study 
specifically investigating reliability of the PAS, was conducted with 36 children (birth 
to 28 months) with a primary diagnosis of gastroesophageal reflux, and included 
rating approximately 5, 221 swallows across two raters.92 Gosa and colleagues 
found good inter-judge reliability (k=0.889) with agreement for specific scores (1-8) 
ranging from 86.9% for scores for 2, to 100% for scores of 3 and 8 (full descriptions 
of scores 1-8 are previously described in Table 1.4). Intrajudge reliability was even 
better (tau=0.989), with 97.4% agreement for score 2; and 100% for scores of 4 or 
5.92 All clinicians interpreting the MBS studies as part of this thesis were trained in 
the RCH MBS protocol, were trained to criteria using the Modified Barium Swallow 
Data Analysis Sheet (Appendix 2) with an accompanying descriptors of variables 
(RCH MBS competency program). Additionally clinicians completed informal inter-
rater reliability training, incorporated the PAS for evaluation of penetration-aspiration, 
and recommendations were determined using the MBS Feeding Recommendations 
Summary Form (Appendix 3) following consensus.  
 
1.7.1.3. Radiation considerations during the MBS  
Although MBS is the most readily available diagnostic test for oropharyngeal 
aspiration and generally well tolerated by young children, one of the major concerns 
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is the use of ionizing radiation and possible detrimental effects on the child. Children 
are known to be more sensitive to radiation-induced cancer than adults and are also 
vulnerable to the effects of radiation on development173-177 with reported 
consequences including leukemia, breast cancer and developmental delay.177 It is 
important that when evaluating the ‘risk-benefit’ ratio for undergoing any diagnostic 
test involving ionizing radiation, the benefits of diagnostic yield outweigh the risks.  
While the benefits of the MBS in providing specialised information on swallowing 
function and presence of OPA have been described earlier, there is little information 
about the risks, including radiation exposure to children undergoing this procedure. 
 
There is no ‘accepted’ dose for children undergoing MBS. The Australian Radiation 
Protection and Nuclear Safety Agency (ARPANZA) recommends dose limits of 1 
mSv in a year for public, however these are not appropriate for individuals having 
diagnostic or therapeutic medical exposure to ionizing radiation. Children undergoing 
medical diagnosis or therapy require case-by-case justification of exposure incurred 
for adequate diagnosis and treatment which is determined by the physician 
responsible for their care (p. r11) [7]. Most agencies support use of the ‘ALARA’ 
principle whereby at all times exposure is kept ‘as low as reasonably achievable’.177  
 
Factors likely to affect total radiation exposure/dose to a child during a MBS study 
include equipment factors (e.g. type and age of fluoroscopic equipment, whether the 
equipment is digital or analog, number of frames captured per second, total filtration 
of the x-ray generator, use of copper filtration, image intensifier input radiation),178 
procedural factors (e.g. field of view and projection, use of continuous or pulsed 
fluoroscopy, use of collimation, shielding, distance, image magnification, screening 
time, number of swallow presentations)85,153,178,179 and child factors (e.g. age, mass, 
dimensions and  disease processes).178,180 Children’s behaviour and cognitive 
development may also affect the MBS with respect to duration, thus affecting 
screening times and subsequent radiation dose. However there are limited studies 
that have investigated these factors, generally only screening times, in children 
undergoing MBS studies. 
 
A large range of screening times are reported in the literature for children. Logemann 
recommended a maximum of two minutes exposure time for children regardless of 
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age and number of food and fluids trials.181 Lefton-Grief et al. reported a screening 
time of “approximately 1 minute”16 regardless of number of food/fluid presentations 
for children with ataxia telangectasia, a condition known to be sensitive to radiation.  
Newman et al. documented screening times of 1-2 minutes for infants who were 
bottle fed only;15 Griggs et al. reported a range of 2.07-8.12 minutes for children with 
multiple disabilities;6 Chau and Kung reported screening times of 4.23±2.5 minutes 
(range 1.28 to 14.6 minutes) for 15 children under the age of 10 years;182 and Jolley 
et al. reported communications with Beecher and Alexander indicating studies can 
range from 30 seconds to 5 minutes with an average MBS study lasting 
approximately 2.5-3.5 minutes.183 All of these studies, are either descriptive 
texts/manuals,181 expert opinion,183 or descriptive cross-sectional study designs with 
low subject numbers (ranging from 10-51 children),6,15,16 which document screening 
times as part of the study procedure, but without any link to radiation dose. 
 
Although screening/exposure time is intrinsically related to radiation dose, there are 
even less paediatric data on effective dose using MBS studies. While Wright et al.184 
reported radiation ‘effective dose’ of 0.27-1.1 mSv (mean 0.4 mSv) in adults with a 
mean age of 65 years in a study specifically investigating exposure time and 
effective dose, the only paediatric data on effective dose from MBS is that described 
by Baikie et al.185 who reported a dose of 0.8 mSv for a 3-minute screening time 
(range of 3-4 minutes) in 54 children with cerebral palsy who had MBS in addition to 
other tests of aspiration; and more recently by Chau and Kung who documented 
effective doses of 0.26±0.30 mSv.182 Their study investigated the different tests 
ability to detect aspiration and there was no specific reporting of range or mean 
effective dose, or factors that may contribute to that dose in children.  
 
Thus, the lack of information on effective dose to children undergoing MBS studies, 
its relation to swallowing dysfunction or OPA, and other factors contributing to 
increased dose, is a gap in the current literature. This information is crucial to 
support use of this frequently utilised diagnostic tool and understand the risk of this 
procedure for children. Chapter 4 of this thesis addresses this gap. 
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1.8. How Do We Treat Oropharyngeal Aspiration and Pharyngeal 
Phase Swallowing Dysfunction Detected on MBS? 
 
1.8.1. Determining Recommendations following Modified Barium Swallow 
Studies 
Following the identification of OPA or other forms of pharyngeal phase swallowing 
dysfunction on MBS, recommendations are generally given in the context of a 
number of goals including: 1) achieving safe, efficient oral intake; 2) eliminating or 
minimizing aspiration risk, 3) achieving daily nutritional and hydration needs, 4) 
improving oral sensorimotor function, and 5) establishing a realistic feeding program 
taking into account the child’s behaviour and the capabilities of the care-
giver.45,124,154,186,187 A range of recommendations following MBS are described in the 
literature, and are derived from paediatric texts and review articles.187-190 
Recommendations include environmental manipulation such as changes in the route 
of nutrition and hydration; compensatory strategies such as positioning and postural 
changes (e.g., body positioning, chin tuck, etc), changes in feeding schedule, 
alterations in the characteristics of a bolus (e.g., size, shape, texture, temperature, 
taste), types of utensils used, pacing during mealtimes, giving chin and cheek 
facilitation to assist sucking, and feeding in a distraction-free environment. Direct 
therapy techniques to change swallow physiology whilst ingesting food such as 
tongue lateralisation/chewing therapy and swallow manoeuvres; and indirect therapy 
strategies to improve sensation or neuromuscular control without food/fluids, such as 
oral sensory or thermotactile stimulation and/or non-nutritive oral sensorimotor 
programs may also be recommended.187,188,191  
 
Two systematic reviews have investigated interventions for oropharyngeal dysphagia 
in children with neurological impairment10 and in preterm infants,192 both of which 
incorporated OPA as an outcome. Neither review identified any studies which 
commented on change in OPA, or respiratory sequelae secondary to suspected 
aspiration such as confirmed aspiration pneumonia, recurrent chest infections or 
pneumonia following oral sensorimotor interventions.10,192 One cross-sectional study 
of 27 children with cerebral palsy, aged 2.5-10 years, investigated oral motor skills 
and swallowing skills following 10 weeks of sensorimotor therapy. Children were 
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divided into two groups: aspirators n=7 and non-aspirators n=20.193 Aspiration status 
was determined by MBS, although it must be noted that the ‘aspirator’ group 
included 6/7 children who demonstrated laryngeal penetration, and one child with 
aspiration on the initial study. All children had 10 weeks control period (no 
intervention and receiving usual care at school) and 10 weeks of sensorimotor 
treatment 5 to 7 minutes daily, Monday through Friday, prior to lunch or snack, which 
focused on tongue lateralization, lip control and vigour of chewing. Only 5 of the 7 
‘aspirator’ group had a repeat MBS, with 2/5 demonstrating ‘penetration into the 
trachea’ with expulsion (equivalent of aspiration/PAS level 6), who had previously 
only demonstrated laryngeal penetration prior to the treatment phase. Thus, the 
sensorimotor treatment had no real improvement on aspiration status in this small 
subject group. 
 
Likewise, little objective data are known about which types of recommendations are 
prescribed in response to OPA or to other specific radiographic signs of swallowing 
dysfunction (DSR, NPR, ILP, PSR) observed during the MBS. The bulk of paediatric 
literature utilizing MBS focuses on radiographic representation of developmental 
patterns and maturation30,78,194 and aetiology-specific swallowing 
patterns.12,14,15,19,98,154,195,196  While this information is useful, many factors impact on 
the expression of dysfunction (e.g. age, aetiology, severity of disease and/or motor 
impairment, health status, co-morbidities), and recommendations are usually made 
primarily in response to the type and severity of swallowing dysfunction/radiographic 
signs observed in the MBS, although in the context of those other factors. Hence, 
children with the same diagnosis (e.g. cerebral palsy), may have very different 
recommendations depending upon their MBS results.  
 
Limited studies have reported on feeding recommendations following MBS in terms 
of determining a safe method of intake (including oral and non-oral routes),6,137  the 
range of textures allowed orally,6,19,137 changes in rate of oral feedings (pacing),19 
and appropriate positioning for feeding.6 However, recommendations were not 
clearly linked to specific radiographic signs. Zerilli et al’s retrospective study of 33 
children, reported feeding recommendations based on a CFE changed for 42% of 
children (14/33) following the MBS137 and highlighted the limitations of the CFE in 
detecting aspiration with subsequent recommendations of inappropriate feeding 
56
 
 
regimens. Rogers et al19 described that in 74% (n=67) of 90 children with cerebral 
palsy, recommendations for either food texture (41/90, 46%) or rate of oral feeding 
(34/90, 39%) were suggested following MBS. Using MBS, two studies prospectively 
described optimal positioning for feeding (upright positioning, reclined position, head 
flexion, etc) in groups of 10 and 14 children with severe disabilities.6,12 While the 
majority of these studies had small participant numbers or were retrospective, none 
have systematically determined whether recommendations for other types of 
interventions were necessary or related their recommendations to specific 
radiographic findings observed on the MBS. Knowledge of the association between 
MBS-identified OPA and pharyngeal phase swallowing dysfunction and consequent 
recommendations would provide a better understanding of how recommendations for 
children are determined. This is a necessary foundation for future studies to 
determine the effectiveness of recommendations and specific treatment techniques, 
inter-rater reliability across clinicians, and impact on children’s health outcomes. 
Hence, to address this gap, I have investigated the link between MBS identified OPA 
and other swallowing dysfunction and treatment recommendations following MBS in 
chapter 6. 
 
1.8.2.  Oral water ingestion in children with thin fluid aspiration 
When OPA on thin fluids is identified on MBS, clinicians will frequently recommend 
thickened fluids for children (if they have not aspirated the thickened fluid), and 
restriction/elimination of the aspirated thin fluid consistency from the child’s diet.66 
Little information is available as to the efficacy of this recommendation. Khoshoo and 
colleagues8 investigated benefits of thickened bottle feeds in 15 previously healthy, 
neurologically intact infants (aged 3-12 months) who had clinically stable RSV 
bronchiolitis, but were presenting with feeding difficulties. All children underwent 
MBS. Nine of the 15 infants demonstrated ‘laryngeal or tracheal penetration’ or OPA 
while ingesting thin fluids, but were 8/9 were able to take thickened fluids safely. 
They recommended use of thickened fluids for 2-4 weeks post RSV bronchiolitis, 
when children were able to ingest thin fluids without aspiration.8,197 This 
observational study had only small subject numbers and an observational design, in 
a population which had quick resolution of their underlying illness contributing to the 
presence of OPA. There are no controlled trials evaluating the benefits of using 
thickened fluids for children with thin fluid aspiration. 
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While many families report the use of thickened fluids to be non-problematic, some 
infants and children refuse thickened fluids, thereby compromising their ability to 
ingest their optimal fluid requirement. Case reports of children and families opting to 
disregard recommendations and continue to ingest aspirated fluid (and pureed) 
consistencies in their diet have reported sequelae such as atelectasis, 
bronchiectasis, frequent chest infections, while others have relatively minor sequelae 
such as patchy mosaicism on expiratory films in keeping with small airways disease, 
but no ongoing pneumonia.113 There are currently no RCTs or controlled trials 
investigating the effectiveness of prescribed thickened fluids versus continuing 
current diet and fluids (with aspiration) on lung health outcomes in children.  
 
During our clinical practice at RCH, we have families enquiring as to whether their 
child can have orally ingested water, even if following a thickened fluid protocol or on 
nasogastric/gastrostomy tube feeding. There is no current research that 
systematically investigates the health effects of water ingestion in children who are 
known to have thin fluid aspiration. From our knowledge of the effects of 
characteristic of aspirated materials, Australian tap water should be relatively 
harmless, as it is pH-neutral, does not contain any particulate matter, and unlikely to 
have bacterial contamination if compliant to the Australian drinking water 
requirements. Randomised controlled trials in adult populations have demonstrated 
that patients allowed unlimited ingestion of cooled, boiled water, outside of 
mealtimes (to avoid ingestion of particulate matter with food residue), and in 
conjunction with a good oral hygiene program, did not have any harmful effects or 
increased pneumonia risk than patients on thickened fluid protocols only. Hence, as 
a first step to providing evidence for paediatrics, I have undertaken a systematic 
review investigating the restriction of oral intake of water for aspiration lung disease 
in children. This study is included in chapter 7. 
 
1.9. What is this Thesis about? 
This thesis addresses the current lack of published data and some of the gaps in 
knowledge about OPA and OPD in children.  
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1.9.1 Hypothesis and Aims: 
The over-arching aim of my thesis is to improve clinical issues relevant to the 
detection and management of children with OPA and OPD, particularly those 
pertinent to the respiratory system. The over-arching hypothesis is: that OPA and 
silent aspiration are highly prevalent, yet poorly detected in young children with 
feeding difficulties, requiring the use of MBS to accurately diagnose and inform 
management recommendations. Minor hypotheses are that OPA will be positively 
associated with pneumonia and that the MBS will have ‘acceptable’ radiation dose in 
children. 
 
The specific aims of the thesis were, to: 
1. Determine the prevalence of, and patient-factors associated with, OPA and 
silent aspiration in a cohort of children presenting with oropharyngeal 
dysphagia. 
 
2. Identify the ‘best’ (highest Odds Ratio) clinical markers (signs and symptoms) 
associated with OPA and other forms of swallowing dysfunction, and to 
determine the influence of age and neurological impairment on these markers. 
 
3. Document the extent and predictors of radiation dose received by children 
undergoing an MBS study.  
 
4. Determine the association between OPA and other swallowing dysfunction with 
WHO-defined pneumonia and respiratory disease. 
 
5. Perform a systematic review using Cochrane methodology to evaluate the 
efficacy of restriction of oral intake of water for aspiration lung disease in the 
management of children with radiological evidence of OPA. 
 
6. Examine in depth the types of feeding/swallowing management 
recommendations given to families, following radiological evidence (via MBS) of 
OPA and other swallowing dysfunction. 
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1.10 Thesis Design 
 
The thesis consists of a series of studies investigating OPA in a very young 
population of children presenting with OPD in a tertiary-level hospital. Chapter 2 
investigates the prevalence of OPA and silent aspiration in a large cohort of 300 
children attending the Royal Children’s Hospital for MBS evaluation, and examines 
body system impairment and comorbidities associated with OPA and SA. This 
information is important to understand the extent of OPA in children presenting with 
feeding and swallowing difficulties. Chapter 3 evaluates 11 clinical signs and 
symptoms of OPA and pharyngeal phase dysphagia (including SA, ILP and PSR) to 
clarify which clinical markers were indicative of OPA, and to determine the influence 
of age and neurological disease on the presentation of clinical signs. As no 
information was available on radiation doses or factors affecting radiation dose in 
infants and young children, Chapter 4 investigates screening times, radiation dose 
and patient and procedural factors affecting radiation dose in children of 3 age 
groups.  
 
Chapter 5 then explores the relationship of OPA with pneumonia, strictly defined 
according to the WHO classification, in the context of other risk factors for 
pneumonia in children. A systematic review of one possible intervention for thin fluid 
OPA (restriction vs access to oral water) is then undertaken in chapter 6.  Chapter 7 
investigates feeding and other recommendations arising from the MBS, in relation to 
MBS findings of OPA, ILP, and other forms of pharyngeal phase dysphagia (DSR, 
NPR and PSR). The final chapter (chapter 8) summarizes and discusses the 
research findings, relates them to other work and discusses future research 
directions. 
 
1.11 Summary of Chapter 1 
OPA and pharyngeal phase dysphagia and their relationship with respiratory disease 
are poorly understood in children. There is limited knowledge regarding the 
prevalence of OPA in children presenting with feeding difficulties, which specific 
clinical signs and symptoms are the best markers for detection, and the relationship 
between objectively identified OPA and pneumonia. Additionally, while MBS is the 
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objective evaluation of OPA which is most used in children, there is no information 
on radiation doses to children who undergo a MBS or recommendations based on 
specific objective MBS findings rather than specific diagnoses in children. This thesis 
addresses some of the gaps in our knowledge and understanding of OPA in children. 
Addressing these gaps will improve our clinical management of OPA and pharyngeal 
phase dysphagia in children, and clarify future research directions to improve clinical 
care and quality of life for children with OPA and their families. 
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Determining the prevalence of, and patient factors 
associated with oropharyngeal aspiration and 
silent aspiration in a cohort of young children with 
oropharyngeal dysphagia. 
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2.1  Introduction 
 
The published paper “Oropharyngeal Aspiration and Silent Aspiration in Children” is 
presented in this chapter, and consists of the findings from aim 1. It aimed to determine 
the prevalence of, and patient-factors associated with, OPA and silent aspiration in a 
cohort of children presenting for investigation of oropharyngeal dysphagia. Three hundred 
children underwent a MBS according to a structured protocol at the Royal Children’s 
Hospital. Aspiration was rated on the Penetration-Aspiration Scale, and the children were 
grouped according to whether they had no aspiration, NA (PAS 1-5), overt aspiration, OA 
(PAS 6-7) or silent aspiration, SA (PAS 8). The relationships between aspiration status 
and demographic factors, impaired body systems, and specific medical diagnoses were 
explored. 
 
The following article is reproduced with permission of the American College of Chest 
Physicians. 
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 Oropharyngeal aspiration (OPA), recurrent aspira-tion of saliva, food, and/or fl uids below the level 
of the vocal folds, can lead to chronic airway disease, 
including bronchiectasis. The laryngeal cough refl ex 
protects against OPA, whereby the aspirated material 
stimulates mechanoreceptors or chemoreceptors of 
the hypopharynx and laryngeal aditus and generates 
a refl exive cough in an attempt to expel the aspirated 
material. 1,2 This is clinically interpreted as overt aspi-
 Background:  Limited information exists about the nature of and factors associated with oropha-
ryngeal aspiration (OPA) and silent aspiration (SA) in children. A prospective study was under-
taken to determine the factors associated with fl uoroscopically identifi ed OPA and SA. 
 Methods:  Three hundred children presenting with feeding diffi culties underwent a videofl uoro-
scopic swallow study (VFSS) for evaluation of swallowing. Swallowing performance on each food 
and fl uid consistency was rated using the penetration-aspiration scale, and children were classi-
fi ed into the following groups: OPA, SA, overt aspiration (OA), and no aspiration (NA). 
 Results:  OPA occurred in 34% of children; of these, 81% had SA. SA was signifi cantly associated 
with neurologic impairment (OR, 4.65; 95% CI, 2.26-9.54), developmental delay (OR, 4.62; 
95% CI, 2.28-9.35), aspiration lung disease (OR, 3.22; 95% CI, 1.29-8.05), and enteral feeding 
(OR, 2.03; 95% CI, 1.04-3.62). Similar results were found for OPA. Children with SA were more 
likely to have neurologic disease (OR, 4.1; 95% CI, 1.1-15.8) than those with OA. Age or gen-
der differences, gastroesophageal refl ux disease, recurrent respiratory tract infections, and 
asthma were no more likely to occur in children with OPA, SA, or OA. 
 Conclusions:  SA is very common in children with feeding diffi culties and is most likely to occur in 
children with a neurologic problem. Limited medical diagnoses distinguished between aspirators 
(OPA, SA) and those with NA. VFSS should be performed in children with feeding diffi culties and 
diagnoses of neurologic impairment, cerebral palsy, aspiration lung disease, and/or enteral feed-
ing because of the increased likelihood of SA.  CHEST 2011; 140(3):589–597 
 Abbreviations:  CFE  5 clinical feeding evaluation; CHD  5 congenital heart disease;  NA  5 no aspiration; OA  5 overt 
aspiration; OPA  5 oropharyngeal aspiration; SA  5 silent aspiration; VFSS  5 videofl uoroscopic swallow study; WHO  5 World 
Health Organization 
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ration (OA). 2 However, in some individuals, aspiration 
in the absence of cough/other response, known as silent 
aspiration (SA) 2-5 may occur. The lack of a cough or 
overt clinical sign renders SA diffi cult to detect during 
Downloaded From: http://journal.publications.chestnet.org/ by a Univ of Queensland User  on 12/13/2014
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attending the videofl uoroscopy clinic were eligible to partici-
pate. Participants had a CFE with demonstrated clinical signs/
symptoms suggestive of pharyngeal-phase diffi culties prior to the 
VFSS (e-Appendix 1). Their medical records and referral forms 
were reviewed for a comprehensive list of medical diagnoses con-
sistent with  International Classifi cation of Diseases classifi ca-
tions and were coded into impaired organ systems adapted 
from Burklow et al 28 (eg, neurologic, GI, cardiopulmonary, struc-
tural, metabolic, and genetic). These systems were not mutually 
exclusive, and children could have a number of impaired sys-
tems. Data extracted included demographic data and medical 
diagnoses of interest, including age (  1 year,  . 1 year), gender, 
enteral feeding, reactive airways disease, aspiration lung disease 
(diagnosis of aspiration lung disease or aspiration pneumonia by 
attending pediatrician), recurrent respiratory tract infections, pneu-
monia (defi ned according to World Health Organization [WHO] 
criteria), 29 asthma, chronic neonatal lung disease, congenital 
heart disease (CHD), developmental delay (as determined by 
pediatrician), preterm birth ( , 37 weeks’ gestation), cerebral 
palsy, gastroesophageal refl ux (defi ned by pH-metry 30 or esoph-
ageal biopsy), and total number of affected organ systems. These 
were considered present if recorded in the 12 months preceding 
the VFSS. Medical diagnoses were not mutually exclusive. 
 VFSS procedures were conducted during a regular multidisci-
plinary VFSS clinic, using the same procedures described previ-
ously. 22,31 Only data for thin fl uid, nectar thick fl uids, and purees are 
reported in this study. VFSS were prospectively collected, ana-
lyzed, and recorded on a data sheet that included assessment 
of swallow function across oral preparatory, oral, and pharyngeal 
phases of the swallow, and were completed for every food or 
fl uid consistency trialed during the examination. The eight-point 
penetration-aspiration scale 32-34 was used to rate laryngeal penetra-
tion and aspiration for each food/fl uid consistency trialed. Children 
scoring 1 to 5 represented no aspiration (NA), and those scoring 
6 to 8 were designated as having OPA. Within OPA, a score of 
6 or 7 was classifi ed as having OA and a score of 8 was classifi ed as 
having SA. Effectively, OPA represented the detection of passage 
of material below the level of the true vocal folds 32,35 and SA as 
the passage of material below the level of the true vocal folds 32,35 
without an identifi ed laryngeal response (eg, cough) observed 
within 20 s. 3 
 Statistical analysis was performed using SPSS, version 13.0 
(SPSS Inc; Chicago, Illinois). The relationships between OPA 
(including SA and OA) and SA only with each of the exposure vari-
ables (demographic factors, organ systems, and medical diagnoses) 
were analyzed using  x 2 . Mann-Whitney tests were used for group 
comparisons of continuous variables. Multivariate analysis for 
organ systems was conducted using backward stepwise logistic 
regression. Multivariate analysis for medical diagnoses (including 
enteral feeding) was conducted using regression modeling, with 
the fi nal model including diagnoses signifi cant in univariate analy-
sis and diagnoses that became signifi cant in regression analysis, 
and adjusting for age and gender. A two-tailed  P value of  , .05 
was considered signifi cant. Interrater reliability for the pene-
tration-aspiration scale is reported in e-Appendix 1. 
 Results 
 The children included 179 boys (59.7%) and 121 girls 
(40.3%), with a median age of 1.40 years (mean, 
2.99 years; range, 0.03-20.63 years). Children were 
tested on different food/fl uid consistencies appropri-
ate for their age: thin fl uids in 259 children, thick fl uids 
in 156, and puree in 252. Thin fl uids were most fre-
quently aspirated, then thick fl uids, and lastly puree. 
clinical feeding evaluations (CFEs), and it may be under-
diagnosed. Visualization techniques, such as fi beroptic 
endoscopic evaluation of swallowing and videofl uoro-
scopic swallow studies (VFSSs), allow objective identifi-
cation of OPA and SA and increase the rate of detection. 
 Because early recognition and appropriate manage-
ment of OPA is important in preventing chronic lung 
disease, 6 knowledge about the occurrence in chil-
dren of OPA, and particularly SA, and associated 
medical conditions would be clinically useful. Cur-
rently, there exists relatively little information, and 
few studies have related clinical factors or diagnoses 
(eg, cerebral palsy or neurologic disease) with 
objective detection of OPA and, in particular, SA. 
Pediatric studies with small participant numbers 
(n  5 10-43) 7-17 have reported OPA in 21% to 79% of 
children. In the studies in which data can be cal-
culated, 60% to 100% of aspirators had SA, and 
0% to 40% had OA. 7,10,14,16,17 Larger pediatric studies 
(n  5 51-186) have documented lower rates of OPA 
(27%-38%) 3,18-22 but similar rates of SA (71%-97%) 
and OA (3%-29%). 3,18,20 These diverse studies included 
populations such as neurologically normal infants with 
respiratory syncytial virus infection 9,23 and a range of 
age groups with conditions such as head injury, 24 ataxia 
telangiectasia, 18 tracheostomy, cerebral palsy, 7,10,16,20 
multiple disability, or heterogeneous populations. 
Little is known about which specifi c organ system 
dysfunction (eg, neurologic, GI, and so forth) or medi-
cal diagnoses are associated with SA in children. Adult 
studies report age and male gender as risk factors for 
SA in adults, although medical diagnosis was not a 
risk factor. 25,26 Arvedson et al 3 reported a statistically 
signifi cant association between OPA and cerebral palsy 
in their study of 186 severely dysphagic children 
with multiple disabilities. Newman et al 27 found no 
signifi cant association between OPA and age, gen-
der, or medical diagnoses in their study of 43 infants. 
Neither study investigated the relationship between 
these factors and SA or conducted regression analysis. 
 Thus, to further inform clinicians about the preva-
lence of and risk factors associated with OPA, and 
particularly SA, we prospectively evaluated the VFSS 
of 300 children in relation to their clinical phenotype. 
We aimed to determine if patient factors (age and 
gender), organ system impairment, and specifi c med-
ical diagnoses were associated with OPA in general, 
and SA in particular. We hypothesized that children 
with SA are more likely to have neurologic system 
impairment and/or specifi c neurologic diagnoses than 
are those with OA. 
 Materials and Methods 
 The study was approved by the Royal Children’s Hospital and 
Health Service District Research Ethics Committee. All children 
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 SA vs NA:  Comparisons of children with SA 
vs those with NA were achieved by excluding chil-
dren with OA from the analysis. There were no sig-
nifi cant age or gender differences between children 
with SA and those with NA. Children with SA were 
signifi cantly more likely to have enteral feeding, or 
diagnoses of developmental delay, cerebral palsy, 
pneumonia, and aspiration lung disease than were 
those with NA ( Table 5 ). Following regression anal-
ysis, children with SA were still signifi cantly more 
likely to have enteral feeding and aspiration lung dis-
ease, but were signifi cantly less likely to have been 
preterm or to have CHD than were those with NA, 
which was similar to the results for OPA in general. 
There was no signifi cant difference in the number 
of body systems between children with SA and those 
with NA ( U  5 7463.00,  P  5 .216). 
 OA vs NA:  There were no signifi cant differences 
between children with OA and those with NA on any 
of the demographic factors, organ systems, or medi-
cal diagnoses following univariate analysis ( Table 5 ); 
therefore, regression analysis was not conducted. There 
was no signifi cant difference in the number of body 
systems between children with OA and those with 
NA ( U  5 1814.00,  P  5 .794). 
 SA vs OA:  Children with SA were signifi cantly 
more likely to have neurologic disease (OR, 4.1; 
95% CI, 1.1-15.8;  P  5 .038) than were those with OA. 
However, there were no signifi cant differences between 
children in terms of age, gender, enteral feeding, 
other organ systems, or medical diagnoses ( Table 6 ); 
therefore, regression analysis was not conducted. There 
was no signifi cant difference in the number of body 
systems between children with SA and those with OA 
( U  5 746.00,  P  5 .709). 
 Post hoc analyses of preterm and CHD populations 
were undertaken. Preterm children (n  5 53) were post-
term age at VFSS and had a mean of 3.25 (SD 1.45) 
body systems involved (range, 1-6). Children with 
CHD (n  5 39) had a mean of 4.82 (SD 1.12) body 
systems involved (range, 3-7). 
 Table 1 displays the frequency of OPA, SA, and OA on 
various food/fl uid consistencies. Frequency data for 
demographic information, organ systems, and medical 
diagnoses are presented in  Table 2 . 
 Relationship Between Impaired Organ 
Systems and OPA and SA 
 Associations between impaired organ systems and 
OPA (including both SA and OA) and SA only, adjusting 
for age and gender, are presented in  Table 3 . Neuro-
logic impairment was signifi cantly associated with OPA 
and more strongly with SA, although no other organ 
system (GI, cardiopulmonary, structural, metabolic, or 
genetic) was signifi cantly associated with OPA or SA. 
 Relationship Between OPA and Demographic 
Factors and Medical Diagnoses 
 Associations between OPA (including both 
SA and OA) and demographic factors and medical 
diagnoses are presented in  Table 4 . There were no 
signifi cant age or gender differences between chil-
dren with OPA and those with NA. Following uni-
variate analysis, OPA was shown to be signifi cantly 
associated with medical diagnoses of developmental 
delay, cerebral palsy, pneumonia, and aspiration lung 
disease. Following regression analysis, children with 
OPA were shown to be signifi cantly more likely to 
have enteral feeding, developmental delay, or aspira-
tion lung disease, and were signifi cantly less likely 
to have been preterm or to have CHD than were 
those with NA. There was no signifi cant difference 
in the number of body systems between OPA and NA 
( U  5 9277.00,  P  5 .240). 
 Comparison of Children With SA, OA, and NA 
 We classifi ed children into three groups based on 
whether they had aspiration on any consistency, to deter-
mine if they differed in terms of demographics, type, and 
total number of impaired organ systems, and specifi c 
medical diagnoses. These groups were SA (n  5 83, 
27.7%), OA (n  5 19, 6.3%), and NA (n  5 198, 66%). 
 Table 1— Frequency of OPA, SA, and OA for Food/Fluid Consistencies 
Consistency No. Tested
OPA SA OA
No. % a % b No. % a % b % c No. % a % b % c 
Thin fl uid 259 70 27.0 23.3 54/70 20.9 18.0 77.1 16/70 6.2 5.3 22.9
Thick fl uid 156 39 25.0 13.0 36/39 23.1 12.0 92.3 3/39 1.9 1.0 7.7
Puree 252 35 13.9 11.7 30/35 11.9 11.7 85.7 5/35 2.0 1.7 14.3
Any consistency 300 102 34.0 34.0 83/102 27.7 27.7 81.4 19/102 6.3 6.3 18.6
OA  5 overt aspiration; OPA  5 oropharyngeal aspiration; SA  5 silent aspiration.
 a Percentage of group tested.
 b Percentage of total group (N  5 300).
 c Percentage of group who aspirated.
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VFSS. Children with OPA and SA were signifi cantly 
more likely to have neurologic system impairment, be 
receiving enteral feeding, or have a medical diagnosis 
of developmental delay and/or aspiration lung disease 
than were children who did not aspirate. Children with 
SA were 3.37 times more likely to have neurologic 
system impairment than those with OA. We found no 
other associated risk factors (other organ system impair-
ment, demographic factors, or medical diagnoses) with 
SA. In contrast, there were no distinguishing features 
found between children with OA and those with NA. 
 In our cohort, 34% had OPA, and the majority 
(81%) of these had SA. The overall prevalence of 
SA was 28% (83 of 300). To our knowledge, there 
are no published reports on SA prevalence rates 
in children. However, where it was possible to cal-
culate rates from existing literature, they ranged 
from 20% to 37%. 3,18,20 The rates of OPA and SA 
in our group may have been slightly underestimated 
because rates may have been higher if all partici-
pants were given thin fluids (the most frequently 
aspirated consistency). 3,11,17,20,36,37 The SA prevalence 
we report is similar to that reported by adult studies 
(24%-28%). 5,25,26 Interestingly, adult studies report a 
higher overall prevalence rate of OPA (43%-57%) and 
 Discussion 
 In a heterogeneous cohort of 300 children with 
feeding diffi culties identifi ed by a CFE, we examined 
for factors associated with aspiration determined by 
 Table 2— Frequencies of Organ System Impairments and Medical Diagnosis for Children with NA, OA, and SA 
Factor Examined
Total Group 
(N  5 300), No. (% a )
NA 
(n  5 198), No. (% b )
OA 
(n  5 19), No. (% b )
SA 
(n  5 83), No. (% b )
Demographics
 Age   1 y 110 (36.7) 70 (63.6) 9 (8.2) 31 (28.2)
 Age  . 1 y 190 (63.3) 128 (67.4) 10 (5.3) 52 (27.4)
 Male 179 (69.7) 117 (65.4) 10 (5.6) 52 (29.1)
 Female 121 (40.3) 81 (66.9) 9 (7.4) 31 (25.6)
 Enteral feeding 131 (43.7) 76 (58.0) 8 (6.1) 47 (35.9)
Organ system impairment
 Neurologic 207 (69.0) 121 (58.5) 13 (6.3) 73 (35.3)
 GI 134 (44.7) 88 (65.7) 12 (9.0) 34 (25.4)
 Cardiopulmonary 120 (10.0) 82 (68.3) 7 (5.8) 31 (25.8)
 Genetic 102 (34.0) 68 (66.7) 7 (6.9) 27 (26.5)
 Structural 100 (33.3) 68 (68.0) 9 (9.0) 23 (23.0)
 Metabolic 16 (5.3) 8 (50.0) 0 (0.0) 8 (100.0)
Medical diagnoses
 Developmental delay 183 (61.0) 104 (56.8) 13 (7.1) 66 (36.1)
 Gastroesophageal refl ux disease 110 (36.7) 71 (64.6) 10 (9.1) 29 (26.4)
 Cerebral palsy 64 (21.3) 35 (54.7) 5 (7.8) 24 (37.5)
 Pneumonia 60 (20.0) 32 (53.3) 5 (8.3) 23 (38.3)
 Preterm  , 37 wk 53 (17.7) 40 (75.5) 3 (5.7) 10 (18.9)
 CHD 39 (13.0) 30 (76.9) 3 (7.7) 6 (15.4)
 Recurrent respiratory tract infections 34 (11.3) 19 (55.9) 4 (11.8) 11 (32.4)
 Aspiration lung disease 32 (10.7) 11 (34.4) 3 (9.4) 18 (56.3)
 Chronic neonatal lung disease 20 (6.7) 15 (75.0) 1 (5.0) 4 (20.0)
 Asthma 15 (5.0) 10 (66.7) 0 (0.0) 5 (33.3)
 Reactive airways disease 5 (1.7) 4 (80.0) 1 (20.0) 0 (0.0)
OPA raw data can be calculated from combining OA and SA data. CHD  5 congenital heart disease; NA  5 no aspiration. See Table 1 for expansion 
of other abbreviations. 
 a Percentage of total group.
 b Percentage of aspiration group.
 Table 3— Relationship Between Affected Organ Systems 
and OPA and SA 
Organ System 
Impairment OR 95% CI AOR 95% CI
OPA
 Neurologic 3.42 1.87-6.27 a 3.87 0.44-3.60 a 
 GI 1.03 0.64-1.66 1.05 0.63-1.75
 Cardiopulmonary 0.84 0.51-1.37 0.77 0.43-1.36
 Genetic 0.95 0.58-1.59 0.82 0.47-1.44
 Structural 0.87 0.52-1.46 1.22 0.66-2.26
 Metabolic 2.02 0.74-5.55 1.96 0.68-5.69
SA
 Neurologic 4.65 2.26-9.54 a 5.03 2.38-10.62 a 
 GI 0.87 0.52-1.46 0.90 0.52-1.58
 Cardiopulmonary 0.84 0.50-1.43 0.86 0.46-1.59
 Genetic 0.92 0.54-1.59 0.79 0.43-1.44
 Structural 0.73 0.42-1.29 1.00 0.50-1.97
 Metabolic 2.53 0.92-7.00 2.51 0.85-7.38
AOR  5 adjusted OR (regression analysis). See Table 1 for expansion 
of other abbreviations.
 a Signifi cant at  , .01, adjusted for age and gender .
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lation to SA may include the influence of age and 
neurologic development affecting maturation of 
swallowing refl exes, controls of the laryngeal cough 
refl ex, and respira tory physiology during early devel-
opment in infants and children. 38,39 The immaturity 
of the laryngeal chemorefl ex 40 and different swallow-
respiratory coordination 41,42 are likely contributing 
reasons for SA in children. 
 Demographics such as age and gender had no 
signifi cant relationship with SA and OPA in our study, 
and this is consistent with other pediatric studies. 3,27 
However, our cohort, which was skewed to a very young 
population (median 1.4 years), may have biased these 
data. Examination of associations with organ system 
impairment revealed that neurologic involvement was 
a higher percentage of overt aspirators (41%-51%) 
with either immediate or delayed cough. 5,25,26 The 
differences in percentages of SA and OA between 
pediatric and adult studies suggest that when infants 
and children do aspirate, it is more likely to be silent. 
The only study comparing SA and OPA in patients 
across a range of ages (n  5 392) reported that the 
youngest group in the cohort (aged 3-19 years, 
n  5 21) was signifi cantly more likely to silently aspi-
rate than were the older age groups, with SA in 
86% of children with OPA. 25 There were no data on 
the total number of children (including those with NA) 
included in the study. 25 The reasons why children are 
more likely than adults to silently aspirate are unclear. 
Possible mechanisms predisposing a pediatric popu-
 Table 4— Relationship Between OPA and Demographic Factors and Specifi c Medical Diagnoses 
Factor Examined OR 95% CI AOR 95% CI
Demographics
 Age   1 y 1.18 0.72-1.93 1.73 0.98-3.05
 Male gender 1.07 0.66-1.75 0.40 0.73-2.17
 Enteral feeding 1.88 1.16-3.05 a 1.74 1.02-2.97 a 
Medical diagnoses
 Developmental delay 3.11 1.81-5.34 b 3.98 2.09-7.58 b 
 Gastroesophageal refl ux disease 1.11 0.68-1.81 … …
 Cerebral palsy 1.85 1.05-3.25 a 0.93 0.47-1.84
 Pneumonia 1.96 1.10-3.49 a 1.75 0.88-3.48
 Preterm  , 37 wk 0.58 0.29-1.14 0.42 0.20-0.90 a 
 CHD 0.54 0.25-1.19 0.33 0.13-0.79 a 
 Recurrent respiratory tract infections 1.62 0.79-3.35 … …
 Aspiration lung disease 4.41 2.03-9.56 b 3.22 1.34-7.74 b 
 Chronic neonatal lung disease 0.63 0.22-1.78 … …
 Asthma 0.97 0.32-2.92 … …
 Reactive airways disease 0.48 0.05-4.35 … …
See Table 1-3 legends for expansion of abbreviations.
 a Signifi cant at  , .05.
 b Signifi cant at  , .01.
 Table 5— Relationship Between SA and Demographic Factors and Specifi c Medical Diagnoses 
Factor Examined OR 95% CI AOR 95% CI
Demographics
 Age   1 y 1.09 0.64-1.86 1.52 0.82-2.80
 Male gender 1.16 0.68-1.97 1.28 0.71-2.31
 Enteral feeding 2.10 01.25-3.53 a 2.03 1.14-3.62 a 
Medical diagnoses
 Developmental delay 3.51 1.92-6.40 a 4.62 2.28-9.35 a 
 Gastroesophageal refl ux disease 0.96 0.56-1.64 NI NI
 Cerebral palsy 1.89 1.04-3.45 b 0.88 0.42-1.81
 Pneumonia 1.99 1.08-3.67 b 1.73 0.82-3.65
 Preterm  , 37 wk 0.54 0.26-1.14 0.40 0.17-0.91 b 
 CHD 0.44 0.17-1.09 0.263 0.09-0.74 b 
 Recurrent respiratory tract infections 1.44 0.65-3.18 NI NI
 Aspiration lung disease 4.71 2.11-10.49 a 3.22 1.29-8.05 b 
 Chronic neonatal lung disease 0.62 0.20-1.92 NI NI
 Asthma 1.21 0.40-3.64 NI NI
 Reactive airways disease 0.98 0.96-1.00 NI NI
Children with OA were removed from analysis. NI  5 not included in fi nal regression model. See Table 1-3 legends for expansion of other 
abbreviations.
 a Signifi cant at  , .01.
 b Signifi cant at  , .05 .
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gastroesophageal refl ux disease) following regression 
analysis. 22 The lack of globally accepted clear criteria 
defi ning aspiration lung disease or aspiration pneu-
monia in relation to OPA makes comparisons in the 
literature diffi cult. As in the fi ndings of Arvedson 
et al 3 , cerebral palsy was signifi cantly associated with 
OPA following univariate analysis; however, it was 
not evident following regression analysis in our study. 
Children at risk of aspiration, or who have nutrition 
and growth issues secondary to oral motor and swal-
lowing dysfunction, are more likely to be eternally 
fed, which likely explains the increased odds found. 
Interestingly, we found no increased odds in chil-
dren with gastroesophageal refl ux disease. 
 Our unexpected fi nding that preterm children or 
those with CHD were signifi cantly less likely to have 
OPA or SA was surprising, particularly because 25% of 
preterm children and 23% of those with CHD 
had OPA, most of which was SA (77% and 67%, 
respectively). However, post hoc analysis revealed 
that these children had multisystem involvement, with 
a mean of 3.25 and 4.82 impaired body systems in 
children who were preterm and received diagnoses 
of CHD, respectively. OPA or SA may have been 
more related to their other underlying diagnoses, 
which were controlled for during logistic regression. 
However, these children have feeding-related issues 
other than aspiration, such as documented growth 
failure, 43-45 oral sensorimotor and feeding diffi culties 
signifi cantly more associated with SA (adjusted OR 
[AOR], 5.0) and OPA (AOR, 3.9) than with NA, and 
children with SA were more likely to have neurologic 
impairment than were overt aspirators (AOR, 3.4). 
However, following regression analysis, specifi c neu-
rologically based diagnoses (eg, cerebral palsy alone) 
were not signifi cant factors. This may be related to 
the insuffi cient sample size for each individual medi-
cal diagnosis. Our fi ndings suggest that any form of 
neurologic involvement (including neurodevelop-
mental delay) should increase the index of suspicion 
of SA and OPA in children presenting with feeding 
diffi culties. No other organ system had a signifi cant 
relationship with SA or OPA, or differentiated among 
groups, and all groups (OPA, SA, OA, and NA) had a 
similar range and total number of impaired organ sys-
tems. Although we reported previously that multi-
system involvement was signifi cantly associated with 
WHO-defi ned pneumonia in children with feeding 
diffi culties, 22 it was not specifi cally associated with SA 
or OPA in these children. 
 Specifi c medical diagnoses associated with SA and 
OPA consistent with the pediatric literature included 
enteral feeding, developmental delay, and a diagnosis 
of aspiration lung disease. 3,6 Aspiration pneumonia is 
frequently associated with OPA, although in a previ-
ous study, we found that OPA was not a signifi cant 
factor for WHO-defi ned pneumonia when compared 
with other risk factors (asthma, Down Syndrome, 
 Table 6— Group Comparisons: Demographic Factors, Affected Organ Systems, and Specifi c Medical Diagnoses 
Factor Examined
OA vs NA SA vs OA
OR 95% CI OR 95% CI
Demographics
 Age   1 y 1.65 0.64-4.24 0.66 0.24-1.81
 Male gender 0.77 0.30-1.98 1.51 0.55-4.12
 Enteral feeding 1.17 0.45-3.03 1.80 0.66-4.92
Organ system impairment
 Neurologic 1.38 0.50-3.78 3.37 1.04-10.87 a 
 GI 2.14 0.81-5.67 0.41 0.15-1.13
 Cardiopulmonary 0.83 0.31-2.19 1.02 0.36-2.88
 Genetic 1.12 0.42-2.96 0.83 0.29-2.34
 Structural 1.72 0.67-4.44 0.43 0.15-1.18
 Metabolic 0.96 0.93-0.99 1.11 1.03-1.19
Medical diagnoses
 Developmental delay 1.96 0.72-5.36 1.79 0.59-5.41
 Gastroesophageal refl ux disease 2.00 0.77-5.12 0.48 0.18-1.32
 Cerebral palsy 1.66 0.56-4.92 1.14 0.37-3.51
 Pneumonia 1.85 0.62-5.51 1.07 0.35-3.18
 Preterm  , 37 wk 0.74 0.21-2.67 0.73 0.18-2.96
 CHD 1.05 0.29-3.83 0.42 0.10-1.84
 Recurrent respiratory tract infections 2.51 0.76-8.34 0.57 0.16-2.05
 Aspiration lung disease 3.19 0.81-12.61 1.47 0.39-5.64
 Chronic neonatal lung disease 0.68 0.09-5.43 0.91 0.10-8.65
 Reactive airways disease 2.69 0.29-25.41 0.95 0.85-1.05
 Asthma 0.95 0.92-0.98 1.06 1.01-1.12
See Table 1 and 2 legends for expansion of abbreviations.
 a Signifi cant at  , 0.05.
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recurrent pneumonias, particularly in the presence of 
neurologic impairment, cerebral palsy, and/or enteral 
feeding. 36,37,54 The CFE is essential for adequate plan-
ning for the VFSS to determine appropriate position-
ing, for food/fl uids/utensils to be assessed, to replicate 
mealtime symptoms (such as inclusion of a fatigue 
test to show deterioration over time/meal), to opti-
mize child behavior, and to reduce radiation expo-
sure. Recommendations are made from the integrated 
fi ndings of both assessments (CFE and VFSS) . 51,53 
First-line interventions may often be instituted dur-
ing the CFE. For example, for a child with gurgly 
breathing/rattly chest/coughing, fl uids may be down-
graded from thin to thick fl uids only. Likewise, a 
child presenting with severe neurologic impairment, 
low arousal, and poor secretion management may 
be placed on full enteral feeds and nil by mouth sta-
tus. 52,53 However, confi rmation by VFSS (when the 
child has adequate arousal and is medically stable) 
is recommended, to ensure that appropriate deter-
mination of the type of swallowing dysfunction or 
pathophysiology has occurred and that treatment rec-
ommendations are effective, particularly if likely to 
be long-term. Further studies are required to evalu-
ate specifi c clinical signs/tools, to increase the sensi-
tivity of the CFE. 
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Oropharyngeal Aspiration and Silent Aspiration in Children 
 
Kelly A. Weir, MSpPath; Sandra McMahon, PhD; Simone Taylor , BN; and Anne B. Chang, PhD 
 
 
e-Appendix 1. 
 
Methods 
Participants 
All children attending the videofluoroscopy clinic were eligible to be in the study. The only exclusion criteria were 
repeat evaluations for a child already in the study. Participants were recruited from the VFSS clinic from 2 separate 
studies approved by the Royal Children’s Hospital & Health District Service Ethics Committee. The first was 
creation of a database to prospectively record information on children presenting to VFSS clinic to analyze 
swallowing profiles related to diagnostic groups. Their demographic and medical information, results of feeding 
evaluations and their outcomes on the VFSS study including results of data analysis and information about OPA & 
SA were recorded on the database. This provided information on 150 children. These children & families were not 
required to consent forms. However, we embarked on a second more extensive study of a further 150 children 
included in the dataset used for this manuscript. The later 150 children included the same demographic and medical 
information, results of feeding evaluations and their outcomes on the VFSS study including results of data analysis 
and information about OPA & SA were identically obtained. Informed consent was obtained from the later 150 
children. These 150 children were required to and do have signed consent forms. All studies had their VFSS studies 
analyzed using the data analysis forms and PA scale. The ages, age ranges, prevalence rates for OPA & SA and 
medical complexity of children were comparable in both studies. Hence the data for children from both studies, 300 
children, were combined for this study to provide greater numbers.  
 
One participant was aged 20.63 years with cerebral palsy with severe motor and intellectual impairment. He was 
still under the care of the Royal Children’s Hospital in preparation for transition to adult services. 
 
Referral for VFSS 
Participants who were referred for VFSS demonstrated clinical signs or symptoms of feeding issues suggestive of 
pharyngeal phase difficulties during a clinical feeding evaluation (CFE). Feeding difficulties included difficulties  
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with sucking, chewing and/or swallowing, and the presence of any of a range of clinical signs/symptoms suggestive 
of pharyngeal phase difficulties or oropharyngeal aspiration during feeding. These signs/symptoms included any of 
the following: cough, wheeze, stridor, frequent throat clearing, gagging, nasal regurgitation, desaturations or apnoea 
during feeding, wet/gurgly voice, wet/gurgly breathing, laboured breathing during feeds, multiple swallows and 
food/fluid refusal as previous described.1 
 
Penetration-Aspiration Scale 
The Penetration-Aspiration Scale is an 8-point ordinal scale of increasing severity designed to quantify the level of 
airway invasion of material and the effectiveness of the airway response.  It has good inter-rater and intra-rater 
reliability in adults2,3 and children.4   
 
Inter-rater Reliability for the Penetration-Aspiration Scale 
Inter-rater and intra-rater reliability for the scoring the PAS was examined for 30 children (10% of the group) using 
the kappa statistic. Inter-rater reliability was conducted for each consistency separately. Almost perfect agreement5,6 
was achieved for purees (k=0.844) and thick fluids (k=0.945) (p=<0.001). Substantial agreement was achieved for 
thin fluids (k=0.792). 
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2.3  Update to Literature Review 
 
Since the publication of this paper in 2011, 6 papers with data on OPA determined via 
MBS evaluation have been published. Most papers look at dysphagia and OPA in children 
of specific populations including cerebral palsy,1 Down syndrome,2 GORD,3 preterm 
infants,4 and congenital heart disease5 who underwent open heart surgery. A short 
summary table is included below (Table 2.3.1). Kim et al,1 performed MBS in 29 children 
with cerebral palsy (mean age 6.1 years; range 2.5-16 years), to assess the relationship of 
swallowing dysfunction and gross motor functional ability (assessed on the gross motor 
function classification scale). They found OPA was related to increasing gross motor 
impairment with an overall prevalence of 24% (7/29, 5/7 silent aspiration), but in 14% of 
children who were marginal ambulators (GMFCS level III, moderate motor impairment) 
and 50% of non-ambulators (GMFCS levels IV-V, severe motor impairment).1  O’Neill et al, 
identified pharyngeal dysphagia, defined as evidence of laryngeal penetration and/or 
aspiration, in 57.7% (116/201) children with Down syndrome (mean age at first diagnosis 
of PD was 1.69 years, range 0.08-16.08 years).2 Fishbein et al3 investigated 67 children, 
aged 5.2±2.5 months, with GORD (with other medical diagnoses). Of the 17 children who 
went for a MBS, 13/17 (77%) had laryngeal penetration (8 to the level of the glottis), and 
5/17 (29%) had aspiration into the airway (3/5 with silent aspiration). These authors cited 
my clinical signs paper,6 and found that characteristics of infants with OPA included 
extreme prematurity, developmental delay, or symptoms refractory to antireflux 
medications and concluded that oropharyngeal dysphagia and OPA is prominent in infants 
with GERD-like symptoms. Davis et al4 (who cited 2 of my publications)7,8 investigated 148 
preterm infants who underwent MBS and found OPA was related to corrected gestational 
age, with infants with younger CGA having a greater incidence of aspiration. Yi and 
colleagues identified dysphagia in 35/146 infants (mean age 3.4 ± 3.0 months) who had 
had open heart surgery, of which 33 were evaluated by MBS.5 Dysphagia was 
characterised based on clinical signs of oxygen desaturation feeding, increased work of 
breathing during feeding, coughing/choking during feeding, altered crying (voice quality), 
other signs and tube feeding. They found a high OPA rate of 64% and concluded that 
monitoring and prompt recognition of the signs and the risk factors of dysphagia may 
substantially improve infant care with oral feeding and reduce hospital length of stay.5  
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While the above papers looked at OPA in specific populations, Kim et al9 investigated long 
term outcomes of 90 children who had a MBS. Similar to my study, they had a 
heterogeneous population with similar patient demographics, a comparable mean age of 
27.5 months, but reduced age range (1-120 months) than our cohort. They found similar 
rates of OPA, 32% compared to our prevalence of 34%, cited two of my papers7,10 and 
used the body systems model and medical diagnoses used in our publication. As with our 
study, Kim and colleagues did not find a relationship between OPA overall and 
neurological impairment, however they did not report prevalence of silent aspiration and its 
relationship with neurological impairment, which we found to be significant. 
  
87
Table 2.3.1  Findings related to Oropharyngeal Aspiration Determined by Modified Barium Swallow Study in Children 
Author & 
Year 
Participants OPA / LP Labels  Major Findings  
Davis, et al. 
(2014) 
n=148 Preterm 
neonates  
 
OPA 101 (68%) aspirated on thin fluids  
Children who aspirated had younger corrected gestational 
age 
Mean CGA for infants who passed VFSS= 46+3 ;  
Mean CGA for infants who failed VFSS=41+6 
Fishbein et 
al. (2014) 
n=67 children with 
gastroeosophageal 
Reflux disease (with 
other medical 
diagnoses) 
Aged 5.2±2.5 months 
Penetration 
Aspiration 
Only 17 children went for MBS 
16/17 (94%) pharyngeal phase abnormalities 
13/17 (77%) laryngeal penetration (8 to the level of the glottis) 
5/17 (29%) had aspiration into the airway; 3/5 silent aspiration 
 
Kim, et al. 
(2013) 
n=29 children with CP 
Aged 2;6-16;2 years 
(mean age 6 years) 
 
Laryngeal penetration 
Aspiration 
Aspiration 20% overall 
Aspiration related to worsening gross motor function 
classification scale level: 14.3% of GMFCS III versus 50% 
of GMFCS IV-V. 71.5% of aspiration was silent. 
Kim, et al. 
(2014) 
n=90 children 
Heterogeneous group 
Aged 1-120 months 
(mean 27.5 months) 
 
Supraglottic penetration 
Subglottic aspiration 
Supraglottic penetration in 1 child (1.1%) 
Subglottic aspiration in 29 (32.2%) of children and 
significantly associated with non-oral feeding.  
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Author & 
Year 
Participants OPA / LP Labels  Major Findings  
O’Neill, et al. 
(2013) 
N=201 children with 
Down Syndrome 
Pharyngeal dysphagia 
determined by presence 
of either/both laryngeal 
penetration aspiration 
on VFSS 
116 (57%) of children with DS had pharyngeal dysphagia  
No separation of LP versus OPA 
PD (OPA) is common, persistent, and should be routinely 
explored in children with DS.  
Yi, et al. 
(2013) 
 
n=146 Infants who 
underwent open heart 
surgery 
n=33 VFSS 
 
Tracheal aspiration 
  
35/146 (24.0%) dysphagia symptoms 
21/33 (64%) has tracheal aspiration 
Monitoring and recognition of signs of aspiration may 
improve infant care and reduce duration of hospital length 
of stay 
Key: CGA Corrected Gestational Age; CP Cerebral Palsy; DS Down syndrome; LP Laryngeal Penetration; MBS Modified Barium 
Swallow Study; OPA Oropharyngeal Aspiration; VFSS Videofluoroscopic Swallow Study. 
89
2.4  Summary of Chapter 2 
 
In this chapter, the prevalence of OPA, silent aspiration and overt aspiration was 
determined across a range of food and fluid consistencies in a cohort of 300 children 
undergoing a modified barium swallow study. OPA was noted to be more prevalent with 
fluids, then decreasing as consistencies became more viscous from thick fluids to purees. 
SA was higher for all consistencies than OA and much more prevalent than reported in 
adult studies, suggesting that the paediatric response to aspiration is different to adults. 
This chapter also explored patient factors associated with OPA and SA. While OPA 
overall, was not associated with any organ system impairment following regression 
analysis, SA was associated with neurological impairment.  
 
Factors such as age and gender were not associated with aspiration. Medical diagnoses 
associated with both OPA and SA included developmental delay, aspiration lung disease, 
and enteral feeding; while born preterm (evaluated post term age) or with congenital heart 
disease were less likely to have OPA or SA.  
 
This chapter suggests that children with specific diagnoses such as cerebral palsy should 
not be assumed to be more at risk for OPA or SA than children with some other type of 
developmental delay. Children presenting with feeding difficulties should be assessed on 
the basis of their performance during clinical and instrumental evaluations. 
 
This paper was the subject of the journal editorial entitled “The Cruelist Lies Are Often Told 
in Silence”, by Bruce K. Rubin, Chest, 2011:140;567. 
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3.1  Introduction  
 
The published paper “Clinical Signs and Symptoms of Oropharyngeal Aspiration and 
Dysphagia in Children” is presented in this chapter, and consists of the findings from aim 
2. It aimed to identify the best (highest odds ratios) clinical markers (signs and symptoms) 
associated with OPA, and other forms of swallowing dysfunction. It also aimed to 
determine the influence of age and neurological impairment on these markers. Eleven 
markers (clinical signs) of dysphagia or swallowing dysfunction from the CFE were 
compared with MBS (VFSS) results (OPA, ILP and PSR) in 150 children who underwent a 
MBS according to a structured protocol at the Royal Children’s Hospital. Sensitivity and 
specificity of clinical signs/markers were determined. 
 
The following article is reproduced with permission of the European Respiratory Society 
© Eur Respir J March 2009 33:604-611; published ahead of print November 14, 2008, 
doi:10.1183/09031936.00090308. 
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Clinical signs and symptoms of
oropharyngeal aspiration and
dysphagia in children
K. Weir*,#, S. McMahon", L. Barry*, I.B. Masters+ and A.B. Chang+,1
ABSTRACT: The diagnostic value of various signs and symptoms (clinical markers) in predicting
oropharyngeal aspiration (OPA) or swallowing dysfunction has not been established in children.
The present retrospective study was undertaken to: 1) identify specific clinical markers
associated with radiographic evidence of OPA, isolated laryngeal penetration (ILP) and post-
swallow residue (PSR); 2) determine the sensitivity and specificity of clinical markers associated
with OPA; and 3) determine the influence of age and neurological impairment on clinical markers
of OPA.
In total, 11 clinical markers of dysphagia were compared with the videofluoroscopic swallow
study (VFSS) results (OPA, ILP and PSR) in 150 children on diets of thin fluid and pure´e
consistencies. Chi-squared and logistic regression were used to analyse the association between
clinical markers and VFSS-identified swallowing dysfunction.
In children with OPA, wet voice (odds ratio (OR) 8.90, 95% confidence interval (CI) 2.87–27.62),
wet breathing (OR 3.35, 95% CI 1.09–10.28) and cough (OR 3.30, 95% CI 1.17–9.27) were
significantly associated with thin fluid OPA. Predictive values included: wet voice (sensitivity 0.67;
specificity 0.92); wet breathing (sensitivity 0.33; specificity 0.83); and cough (sensitivity 0.67;
specificity 0.53). No clinical markers were significantly associated with OPA, ILP or PSR on the
pure´e consistency. Cough was significantly associated with PSR on thin fluids (OR 3.59, 95% CI
1.22–10.55). Differences were found for age.
Wet voice, wet breathing and cough were good clinical markers for children with oropharyngeal
aspiration on thin fluid but not on pure´e. Age and neurological status influenced the significance
of these clinical markers.
KEYWORDS: Aspiration, clinical signs, dysphagia, modified barium swallow, oropharyngeal
aspiration, videofluoroscopy
F
eeding and swallowing disorders are pre-
valent in children and are often complex
and multifactorial in nature [1, 2]. A
respiratory consequence of this is oropharyngeal
aspiration (OPA), for which evaluations may
include the videofluoroscopic swallow study
(VFSS) or fibreoptic endoscopic evaluation of
swallowing, nuclear studies such as salivagrams
or nuclear scintigraphy, bronchoscopy and gastro-
intestinal studies [3]. Children at risk for OPA
are often referred to a speech pathologist or feed-
ing specialist for a clinical feeding evaluation, to
evaluate a child’s safety for oral intake, oral
sensorimotor and swallowing function and feed-
ing efficiency [4]. The clinical feeding evaluation
generally includes a case history and observation
of the child’s feeding and swallowing function,
which includes noting clinical signs of feeding or
swallowing difficulty or symptoms associated
with OPA. This information usually provides a
working diagnosis for the nature of the dysphagia
and guides direction for further investigation or
intervention [4].
Clinicians utilise a variety of symptoms and signs
as indicators of OPA and swallowing dysfunction,
including cough, wheeze, recurrent pneumonia,
gagging, choking, congestion, tachypnoea, brady-
cardia, apnoea, cyanosis with feeds, oxygen de-
saturations, noisy or wet breathing, delayed
swallows and voice changes [5–9]. In addition,
signs such as gurgly respiration or wet voice can
also be associated with hypopharyngeal or laryn-
geal pooling of secretions, or pharyngeal residue of
food materials [5, 10]. Some authors suggest that
airway responses to OPA are age dependent, with
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infants demonstrating a combination of apnoea, vocal cord
constriction, rapid swallowing and bradycardia (laryngeal
chemoreflexes) [11], while older children and adults typically
demonstrate a cough response [8, 12]. The clinical feeding
evaluation and the use of clinical signs is known to have poor
reliability in detecting aspiration compared with objective
evaluation of swallowing during a VFSS, especially in neurolo-
gically impaired children, where the presence of silent aspiration
or aspiration without an obvious cough or choking is likely [13].
While cough may be absent, the presence of other clinical
markers of OPA may alert the clinician to suspect that aspiration
has occurred. However, symptoms and signs utilised as
indicators of OPA and swallowing dysfunction have not been
systematically examined. The sensitivity and specificity of
specific symptoms and signs in predicting OPA and laryngeal
penetration have also not been established.
Thus, further knowledge about the relationship between
clinical signs and specific swallowing dysfunction would be
clinically useful. In the current study of 150 children, the
association of commonly reported symptoms and signs
suggestive of OPA with VFSS-identified OPA and swallowing
dysfunction were examined. It was hypothesised that specific
radiographical signs of swallowing dysfunction were more
likely to be associated with specific clinical symptoms and
signs. The current study aims were to: 1) identify specific
clinical symptoms and signs associated with radiographical
evidence of OPA, isolated laryngeal penetration (ILP) and
post-swallow residue (PSR); 2) determine the sensitivity and
specificity of signs and symptoms associated with OPA; and
3) determine the influence of age and neurological impairment
on these symptoms and signs of OPA.
METHODS
The medical records and VFSS results of 150 children who
attended a VFSS at the Royal Children’s Hospital, Brisbane
(Australia) between April 11, 2001 and August 4, 2004 were
reviewed retrospectively and have been previously described
[14, 15]. Briefly, children’s medical files, VFSS referrals and
results of clinical feeding evaluations were reviewed for
clinical signs or symptoms associated with OPA and swallow-
ing dysfunction during feeding. The 11 examined clinical signs
or symptoms (henceforth referred to as clinical markers)
included: cough (defined as any cough response occurring
during the clinical feeding evaluation once ingestion had
commenced); wheeze; stridor; throat clearing; gagging; chok-
ing; desaturations and apnoeas during feeding; wet voice
(voice that is gurgly or liquid sounding) [10, 16]; wet or gurgly
breathing; laboured breathing during feeds; and temperature
spikes (.38.5uC) during a 24-h period following oral intake.
Desaturation was defined as a fall below 90% arterial oxygen
saturation measured by pulse oximetry (Sp,O2) for any length
of time where a good trace was observed and no movement
artefact was noted. Apnoea was defined as a halt in
respirations and facial colour change observed visually, with
an accompanying oxygen desaturation ,90% Sp,O2 requiring
interruption of the feed at least once per feed for more than one
feed, as noted by medical/nursing staff. Clinical markers were
chosen from reported presentations of oropharyngeal dyspha-
gia and aspiration from the literature [7, 8, 10, 17].
A standardised VFSS procedure and data collection has been in
practice in the VFSS clinic since 1998, as previously described
[14, 15]. Children’s VFSS results for every food or fluid
consistency trialled during the examination were recorded on a
data sheet, which required comment on swallow function
across oral preparatory, oral and pharyngeal phases of the
swallow. For the purposes of the current study, three specific
types of swallowing dysfunction were identified based on the
following definitions: 1) OPA was defined as the passage of
material below the level of the true vocal folds [18, 19]; 2) ILP
was defined as entry of material into the laryngeal vestibule,
but not passing below the true vocal folds [18, 19], and where
laryngeal penetration was observed in the absence of aspira-
tion occurring on any of the swallows for a given consistency
[20]; and 3) PSR was defined as a pharyngeal residue evident
in the pharynx post swallow [21]. OPA and ILP were rated as
absent or present. PSR ratings (graded one for normal to four
for severe impairment) [15] were recoded as absent or present
where PSR denoted moderate to severe residue. Data on silent
aspiration, defined as the passage of material below the level of
the true vocal folds [18, 19], where no radiographically
identified laryngeal response (e.g. cough) was observed within
20 s [22], were included for interest.
Analysis
Three sets of analyses were conducted. First, the relationship
between the three types of swallowing dysfunction (OPA, ILP
and PSR) and each clinical marker was analysed for the whole
group data. Note that OPA included all children with
aspiration, both overt and silent and no separate analysis
was conducted for silent aspiration as this was considered to
be a subset of OPA. Univariate analysis was conducted using
Chi-squared and odds ratios (ORs) with 95% confidence
intervals (CIs), and then multivariate analysis using binary
logistic regression. Sensitivity and specificity were then
calculated for statistically significant markers of OPA for the
whole group data. Secondly, the group was split into two age
groups (f1 yr and .1 yr) and, thirdly, the group was split
according to neurological status (neurological versus non-
neurological). Univariate analysis using Chi-squared and
ORs (95% CI) was used to determine age/neurological status
differences in the presence of specific clinical markers and
types of swallowing dysfunction, and which clinical markers
were associated with OPA. Binary logistic regression was then
used to determine the relative influence of each specific marker
with OPA.
RESULTS
Whole group data
In total, 150 children were included: 89 (59.3%) males and 61
(40.7%) females with a median age of 16 months (mean age
37 months; range 2 weeks–247 months). Children were trialled
on diets of different consistencies appropriate for their age
including thin fluids for 132 children and pure´es for 127
children. The percentage of children with a swallowing
dysfunction is shown in figure 1. OPA, silent aspiration and
ILP, but not PSR, occurred significantly more frequently on
fluids than on pure´e. The differences (95% CI) between
proportions were: OPA 0.19 (0.09–0.28); silent aspiration 0.13
(0.05–0.22); ILP 0.15 (0.05–0.24); and PSR -0.10 (-0.21–0.002).
The frequencies of clinical markers for any food/fluid
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consistency trialled are presented in table 1. Of the clinical
markers noted, cough was the most frequent (46%), followed
by wet/gurgly breathing (32%), gagging (29%), choking (22%)
and wet voice (19%).
Univariate and multivariate regression analyses examining the
association between specific clinical markers and types of
swallowing dysfunction (OPA, ILP and PSR) for both fluid and
pure´e consistencies are presented in table 2. In the univariate
analysis, cough, apnoea/desaturations, wet voice and wet
breathing were significantly associated with VFSS-documented
OPA children on thin fluid. Cough, wet voice and wet
breathing remained significant after multivariate analysis.
The sensitivity, specificity, positive predictive value, negative
predictive value and positive likelihood ratio for each of the
clinical markers that remained significant for thin fluid OPA
following multivariate analysis are displayed in table 3. For
children with OPA on pure´es, none of the clinical markers
were significant following multivariate analysis. None of the
clinical markers were significantly associated with ILP for both
thin fluids and pure´es (table 3). Cough was significantly
associated with PSR for thin fluids following univariate and
multivariate analysis. While wet voice was initially signifi-
cantly associated with PSR for pure´es, this was no longer
significant following multivariate analysis (table 2).
The influence of age groups on clinical markers
Overall, 35% (n553) of children were aged f1 yr and 65%
(n597) were .1 yr of age. Coughing, gagging, wet voice and
wet breathing were frequently recorded for both age groups
(table 1). The group aged f1 yr were more likely to
demonstrate clinical markers of stridor (OR 9.17, 95% CI
2.46–34.24; p,0.001), apnoea/desaturations (OR 15.44, 95% CI
3.33–71.57; p,0.001) and wet/gurgly breathing (OR 2.58, 95%
CI 1.16–5.73; p50.018) than the older group. However, there
were no group differences in the presence of other clinical
markers.
In total, 92% (49 out of 53) of the group aged f1 yr were
trialled on thin fluids and 60% (32 out of 53) had pure´es.
Overall, 86% (83 out of 97) of the group aged .1 yr were
trialled on thin fluids and 97% (95 out of 97) had pure´es.
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FIGURE 1. Percentage of children showing swallowing dysfunction on diets of a) thin fluid consistency (n5132) and b) pure´e consistency (n5127). OPA: oropharyngeal
aspiration; SA: silent aspiration; ILP: isolated laryngeal penetration; PSR: post-swallow residue.
TABLE 1 Observed clinical markers on diets of thin fluid and/or pure´e consistency in children with different age groups and
neurological status
Clinical markers Whole group Age f1 yr Age .1 yr p-value Neurological Non-neurological p-value
Subjects n 150 53 97 106 44
Cough 69 (46) 20 (38) 49 (50) 0.133 47 (44) 22 (50) 0.527
Wheeze 9 (6) 4 (8) 5 (5) 0.555 6 (6) 3 (7) 0.786
Stridor 15 (10) 12 (23) 3 (3) ,0.001* 9 (9) 6 (14) 0.339
Throat clearing 8 (5) 1 (2) 7 (7) 0.165 7 (7) 1 (2) 0.282
Gagging 44 (29) 14 (26) 30 (31) 0.562 31 (29) 13 (30) 0.971
Choking 33 (22) 9 (17) 24 (25) 0.273 24 (23) 9 (21) 0.768
Apnoea/desaturations 15 (10) 13 (25) 2 (4) ,0.001* 9 (9) 6 (14) 0.339
Wet voice 29 (19) 13 (25) 16 (17) 0.234 21 (20) 8 (18) 0.818
Wet/gurgly breathing 32 (21) 17 (32) 15 (16) 0.018* 23 (22) 9 (22) 0.886
Laboured breathing 9 (6) 5 (9) 4 (4) 0.191 7 (7) 2 (5) 0.629
Temperature spikes 4 (3) 0 (0) 4 (4) 0.134 4 (4) 0 (0) 0.192
Data are presented as n (%), unless otherwise stated. *: p,0.05.
OROPHARYNGEAL ASPIRATION IN CHILDREN K. WEIR ET AL.
606 VOLUME 33 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL
96
T
A
B
L
E
2
C
lin
ic
a
l
m
a
rk
e
rs
a
ss
o
ci
a
te
d
w
ith
ty
p
e
o
f
sw
a
llo
w
in
g
d
ys
fu
n
ct
io
n
C
li
n
ic
a
l
s
ig
n
s
T
h
in
fl
u
id
#
P
u
re´
e
"
O
R
(9
5
%
C
I)
+
p
-v
a
lu
e
A
d
ju
s
te
d
O
R
(9
5
%
C
I)
1
p
-v
a
lu
e
O
R
(9
5
%
C
I)
+
p
-v
a
lu
e
A
d
ju
s
te
d
O
R
(9
5
%
C
I)
1
p
-v
a
lu
e
O
P
A
e
C
o
u
g
h
2
.3
1
(1
.0
8
–4
.9
4
)
0
.0
2
9
*
3
.3
0
(1
.1
7
–9
.2
7
)
0
.0
2
4
*
1
.0
6
(0
.3
7
–3
.0
1
)
0
.9
1
9
1
.3
9
(0
.3
9
–4
.8
8
)
0
.6
1
1
W
h
e
e
ze
1
.1
2
(0
.2
7
–4
.7
1
)
0
.8
7
9
0
.7
5
(0
.1
4
–4
.1
0
)
0
.7
3
8
1
.1
7
(0
.1
3
–1
0
.3
7
)
0
.8
9
0
2
.0
2
(0
.1
6
–2
5
.0
3
)
0
.5
8
6
S
tr
id
o
r
0
.8
8
(0
.2
6
–2
.9
8
)
0
.8
3
1
0
.4
0
(0
.0
8
–1
.9
4
)
0
.2
5
5
0
.7
6
(0
.0
9
–6
.4
0
)
0
.7
9
6
0
.0
0
(0
.0
0
–0
.0
0
)
0
.9
9
7
T
h
ro
a
t
cl
e
a
r
1
.7
2
(0
.3
7
–8
.0
5
)
0
.4
8
8
1
.3
2
(0
.2
2
–8
.0
6
)
0
.7
6
5
3
.0
3
(0
.5
4
–1
7
.1
2
)
0
.1
9
0
0
.0
0
(0
.0
0
–0
.0
0
)
0
.9
9
7
G
a
g
0
.8
7
(0
.3
8
–1
.9
8
)
0
.7
3
9
0
.8
8
(0
.3
1
–2
.5
3
)
0
.8
1
8
0
.4
3
(0
.1
1
–1
.5
9
)
0
.1
9
3
0
.7
4
(0
.1
5
–3
.6
3
)
0
.7
1
2
C
h
o
ke
1
.8
0
(0
.7
7
–4
.2
3
)
0
.1
7
4
1
.7
3
(0
.6
1
–4
.9
4
)
0
.3
0
4
0
.1
7
(0
.0
2
–1
.3
0
)
0
.0
5
4
0
.0
0
(0
.0
0
–0
.0
0
)
0
.9
9
7
W
e
t
vo
ic
e
9
.3
9
(3
.5
0
–2
5
.2
1
)
,
0
.0
0
1
*
8
.9
0
(2
.8
7
–2
7
.6
2
)
,
0
.0
0
1
*
3
.3
2
(1
.0
7
–1
0
.3
4
)
0
.0
3
1
*
1
.5
5
(0
.2
9
–8
.3
5
)
0
.6
0
9
A
p
n
o
e
a
/d
e
sa
tu
ra
tio
n
s
2
.9
1
(0
.9
8
–8
.6
6
)
0
.0
4
8
*
2
.3
9
(0
.5
7
–1
0
.0
1
)
0
.2
3
3
0
.9
6
(0
.9
2
–0
.9
9
)
0
.3
8
6
0
.0
0
(0
.0
0
–0
.0
0
)
0
.9
9
9
W
e
t
b
re
a
th
in
g
4
.6
6
(1
.9
1
–1
1
.3
3
)
,
0
.0
0
1
*
3
.3
5
(1
.0
9
–1
0
.2
9
)
0
.0
3
5
*
2
.7
3
(0
.8
9
–8
.3
8
)
0
.0
7
1
3
.9
1
(0
.8
4
–1
8
.2
7
)
0
.0
8
3
La
b
o
u
re
d
b
re
a
th
in
g
3
.0
2
(0
.7
7
–1
1
.9
0
)
0
.1
0
0
4
.5
7
(0
.8
5
–2
4
.5
5
)
0
.0
7
6
0
.9
5
(0
.9
1
–0
.9
9
)
0
.3
4
1
0
.0
0
(0
.0
–0
.0
0
)
0
.9
9
8
T
e
m
p
e
ra
tu
re
sp
ik
e
s
1
.1
1
(0
.1
0
–1
2
.6
3
)
0
.9
3
1
7
.4
3
(0
.5
2
–1
0
6
.0
1
)
0
.1
3
9
0
.9
6
(0
.9
3
–1
.0
0
)
0
.4
4
0
0
.0
0
(0
.0
–0
.0
0
)
0
.9
9
9
P
S
R C
o
u
g
h
2
.6
1
(1
.0
4
–6
.5
8
)
0
.0
3
7
*
3
.5
9
(1
.2
2
–1
0
.5
5
)
0
.0
2
0
*
1
.8
7
(0
.8
6
–4
.0
6
)
0
.1
1
2
1
.9
0
(0
.7
7
–4
.6
8
)
0
.1
6
6
W
h
e
e
ze
2
.3
0
(0
.5
3
–9
.8
9
)
0
.2
5
4
2
.3
3
(0
.4
3
–1
2
.6
1
)
0
.3
2
8
1
.9
2
(0
.4
1
–9
.0
3
)
0
.4
0
2
1
.3
0
(0
.2
4
–7
.0
2
)
0
.7
5
9
S
tr
id
o
r
0
.3
0
(0
.0
4
–2
.4
2
)
0
.2
3
3
0
.2
3
(0
.0
2
–2
.1
8
)
0
.1
9
8
0
.5
9
(0
.1
2
–2
.9
3
)
0
.5
1
8
0
.2
5
(0
.0
3
–1
.9
9
)
0
.1
9
1
T
h
ro
a
t
cl
e
a
r
0
.7
0
(0
.8
1
–6
.1
0
)
0
.7
4
7
0
.6
4
(0
.0
6
–7
.0
3
)
0
.7
1
2
3
.5
6
(0
.7
6
–1
6
.7
4
)
0
.0
9
0
5
.3
7
(0
.8
3
–3
4
.9
8
)
0
.0
7
9
G
a
g
0
.7
4
(0
.2
7
–2
.0
3
)
0
.5
5
7
0
.6
9
(0
.2
3
–2
.1
5
)
0
.5
2
6
0
.7
6
5
(0
.2
8
–1
.1
2
)
0
.3
1
6
0
.8
5
(0
.3
4
–2
.1
7
)
0
.7
3
8
C
h
o
ke
0
.8
7
(0
.2
9
–2
.5
5
)
0
.7
9
2
0
.7
0
(0
.2
1
–2
.3
6
)
0
.5
6
7
0
.9
0
(0
.3
7
–2
.1
7
)
0
.8
1
0
0
.6
6
(0
.2
3
–1
.9
1
)
0
.4
4
7
W
e
t
vo
ic
e
2
.4
9
(0
.9
3
–6
.6
9
)
0
.0
6
4
3
.1
2
(0
.9
3
–1
0
.5
2
)
0
.0
6
6
2
.7
9
(1
.1
0
–7
.0
6
)
0
.0
2
7
*
1
.9
9
(0
.6
6
–5
.9
8
)
0
.2
2
3
A
p
n
o
e
a
/d
e
sa
tu
ra
tio
n
s
1
.0
8
(0
.2
8
–4
.1
5
)
0
.9
1
1
1
.3
7
(0
.2
8
–6
.6
)
0
.6
9
9
0
.6
0
(0
.0
7
–5
.5
9
)
0
.6
5
4
0
.6
5
(0
.0
6
–7
.3
8
)
0
.7
3
1
W
e
t
b
re
a
th
in
g
0
.9
7
(0
.3
3
–2
.8
6
)
0
.9
5
0
0
.6
8
(0
.1
8
–2
.5
6
)
0
.5
6
4
2
.1
4
(0
.8
8
–5
.2
5
)
0
.0
9
1
2
.0
0
(0
.6
6
–6
.1
1
)
0
.2
2
2
La
b
o
u
re
d
b
re
a
th
in
g
0
.5
2
(0
.0
6
–4
.3
2
)
0
.5
3
5
0
.5
6
(0
.5
1
–6
.0
5
)
0
.6
3
1
0
.9
8
(0
.1
8
–5
.3
1
)
0
.9
8
4
0
.6
2
(0
.0
8
–4
.9
2
)
0
.6
4
8
T
e
m
p
e
ra
tu
re
sp
ik
e
s
2
.1
9
(0
.9
0
–2
5
.1
2
)
0
.5
2
0
8
.8
6
(0
.5
4
–1
4
4
.4
3
)
0
.1
2
6
0
.8
2
(0
.0
8
–8
.1
0
)
0
.8
6
1
1
.3
7
(0
.1
1
–1
7
.3
2
)
0
.8
1
0
O
R
:
o
d
d
s
ra
tio
;
C
I:
co
n
fid
e
n
ce
in
te
rv
a
l;
O
P
A
:
o
ro
p
h
a
ry
n
g
e
a
la
sp
ira
tio
n
;
P
S
R
:
p
o
st
-s
w
a
llo
w
re
si
d
u
e
.
#
:
n
5
1
3
2
;
"
:
n
5
1
2
7
;
+ :
u
n
iv
a
ria
te
a
n
a
ly
si
s;
1
:
m
u
lti
p
le
re
g
re
ss
io
n
a
n
a
ly
si
s;
e
:
O
P
A
in
cl
u
d
e
s
a
ll
ch
ild
re
n
w
ith
a
sp
ira
tio
n
,
b
o
th
o
ve
rt
a
n
d
si
le
n
t
a
sp
ira
tio
n
co
m
b
in
e
d
.
N
o
st
a
tis
tic
a
lly
si
g
n
ifi
ca
n
t
a
ss
o
ci
a
tio
n
s
w
e
re
n
o
te
d
b
e
tw
e
e
n
a
n
y
cl
in
ic
a
lm
a
rk
e
rs
a
n
d
is
o
la
te
d
la
ry
n
g
e
a
lp
e
n
e
tr
a
tio
n
fo
r
th
in
flu
id
a
n
d
p
u
re´
e
co
n
si
st
e
n
ci
e
s
(p
.
0
.0
5
fo
r
a
ll
cl
in
ic
a
l
m
a
rk
e
rs
).
*:
p
,
0
.0
5
.
K. WEIR ET AL. OROPHARYNGEAL ASPIRATION IN CHILDREN
c
EUROPEAN RESPIRATORY JOURNAL VOLUME 33 NUMBER 3 607
97
Swallowing dysfunction on thin fluid and pure´e consistencies
for the group comparisons (table 4) showed that OPA, silent
aspiration and ILP were equally likely to occur in the two age
groups but PSR was less likely to occur in the younger age
group for both thin fluids (OR 0.36, 95% CI 0.13–1.03; p50.049)
and pure´es (OR 0.35, 95% CI 0.12–0.99; p50.43). However,
there was a significant difference with the presence of
neurological impairment between the age groups, with the
group aged .1 yr 2.78 times more likely to have a neurological
impairment than the younger group (95% CI 1.34–5.74;
p50.005).
As OPA was the type of swallowing dysfunction of primary
interest, clinical markers associated with OPA were analysed
for the two age groups. Wet voice was the only clinical marker
significantly associated with OPA on thin fluids in the group
aged f1 yr following univariate (OR 21.43, 95% CI 3.81–
120.48; p,0.001) and regression analysis (OR 16.55, 95% CI
2.30–119.21; p50.005). The group aged .1 yr demonstrated
more clinical markers associated with OPA on thin fluids in
the univariate analysis: wet breathing (OR 17.10, 95% CI 3.34–
87.66; p,0.001); laboured breathing (OR 8.29, 95% CI 0.82–
84.11; p50.037); wet voice (OR 5.40, 95% CI 1.55–18.83;
p50.005); and choking (OR 3.12, 95% CI 1.10–8.85; p50.029).
However, only wet breathing remained significant following
multivariate regression analysis (adjusted OR 28.54, 95% CI
3.83–207.44; p50.001). Cough, stridor, throat clearing, gagging,
apnoea/desaturations and temperature spikes did not have
any association with OPA on thin fluids in either age group.
No clinical markers were significantly associated with OPA on
pure´es in the group aged f1 yr, whereas wet breathing
(OR 5.21, 95% CI 1.3–19.60; p50.009) and wet voice (OR 4.68,
95% CI 1.26–17.35; p50.014) were significantly associated in the
group aged .1 yr. Only wet breathing remained significant
after regression analysis (adjusted OR 8.91, 95% CI 1.38–57.45;
p50.022).
The influence of neurological impairment on clinical
markers
In total, 71% (106 out of 150) of children had a neurological
impairment (neurological group), while 29% (44 out of 150) did
not (non-neurological group). There were no differences in the
frequencies of reported clinical markers between these two
groups (table 1), although differences were found for VFSS-
identified swallowing dysfunction (table 5). Children in the
neurological group were more likely to have OPA on thin
fluids (OR 3.82, 95% CI 1.46–10.00; p50.004), PSR on thin fluids
(OR 4.21, 95% CI 1.18–14.96; p50.018) and PSR on pure´es (OR
5.30, 95% CI 1.50–18.69; p50.005) than children in the non-
neurological group.
On univariate analysis, clinical markers significantly asso-
ciated with OPA on thin fluids in the neurological group were:
cough (OR 2.53, 95% CI 1.06–60.7; p50.034), wet voice (OR
8.50, 95% CI 2.50–28.85; p,0.001), and wet breathing (OR 6.67,
95% CI 2.13–20.87; p,0.001). Only wet voice (adjusted OR
10.06, 95% CI 2.20–45.94; p50.003) and wet breathing (adjusted
OR 8.88, 95% CI 1.94–40.77; p50.005) had a continued
significant association following regression analysis. Clinical
markers significantly associated with OPA on thin fluids in the
non-neurological group following univariate analysis were wet
voice (OR 22.00, 95% CI 2.78–174.06; p,0.001) and apnoea/
desaturations (OR 11.00, 95% CI 1.50–80.43; p50.007), although
only wet voice (adjusted OR 33.97, 95% CI 1.33–868.73;
p50.033) had a continued significant association following
regression analysis. No clinical markers were significantly
associated with OPA on pure´es or with other types of
swallowing dysfunction, including ILP or PSR, for children
on either thin fluids or pure´es (data not shown) in either the
neurological or non-neurological group.
DISCUSSION
The present study of 150 children examined the occurrence of
clinical markers suggestive of swallowing dysfunction for
three specific types of swallowing dysfunction (OPA, ILP and
PSR), as identified by the VFSS using thin fluid and pure´e
consistencies. Coughing, wet voice and wet breathing were
significantly associated with OPA on thin fluids, but not on
pure´es. No clinical markers were associated with children with
ILP or PSR on pure´es. Cough was associated with PSR on thin
fluids. The influence on clinical markers of age groups (f1 and
TABLE 3 Predictive values of clinical markers for thin fluid oropharyngeal aspiration
Clinical marker Sensitivity Specificity Positive predictive value Negative predictive value Positive likelihood ratio
Cough 0.67 0.53 0.19 0.90 1.41
Wet voice 0.67 0.92 0.57 0.94 8.00
Wet breathing 0.33 0.83 0.25 0.88 1.00
TABLE 4 Age comparison results for swallowing
dysfunction on thin fluid and pure´e consistencies
Type of
swallow
dysfunction
Thin fluids Pure´e
f1 yr .1 yr p-value f1 yr .1 yr p-value
Subjects n 49 83 32 95
OPA# 17 (35) 24 (29) 0.488 4 (13) 12 (13) 0.985
Silent
aspiration
14 (26) 16 (19) 0.264 2 (4) 10 (11) 0.182
ILP 13 (27) 25 (30) 0.660 4 (13) 14 (20) 0.754
PSR 5 (10) 20 (24) 0.049* 5 (15) 32 (34) 0.043*
Data are presented as n (%), unless otherwise stated. OPA: oropharyngeal
aspiration; ILP: isolated laryngeal penetration; PSR: post-swallow residue. The
total number of children aged f1 yr and .1 yr were 53 and 97, respectively.
#: data for OPA includes all children with OPA, both overt and silent aspiration
combined. *: p,0.05.
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.1 yr of age) and the presence of neurological impairment
were also examined. In infants wet voice was significantly
associated with OPA on thin fluids, whereas in older children
with OPA, wet breathing was significantly associated with thin
fluids and pure´es. No clinical markers were associated with
ILP or PSR on either food/fluid consistency for the two age
groups. Wet voice and wet breathing were also associated with
OPA on thin fluids in the neurological group of children, while
wet voice was notable in the non-neurological group.
Clinical markers associated with swallowing dysfunction
Recurrent small volume aspiration is associated with chronic
lung disease in both children and adults. OPA is common in
respiratory practice, yet there are limited data on the
sensitivities and specificities of symptoms and signs associated
with OPA. The current authors found that children who
demonstrated VFSS-identified OPA on thin fluids were 8.9
times more likely to have wet voice, 3.4 times more likely to
have wet breathing and 3.3 times more likely to cough during
feeds/meals than children who did not aspirate. The present
findings have similarities to, but also differences from the
findings of DEMATTEO et al. [7], whose study on 75 children did
not present data on individual clinical markers of aspiration,
but instead developed prediction models of aspiration and
penetration that included clusters of clinical markers. It was
reported that cough was the most significant predictor of fluid
aspiration in children and that a combination of cough, voice
changes and gag was the best prediction model for fluid
aspiration with a relative risk of 1.7 [7]. While cough and wet
voice (voice changes) were identified as important clinical
markers in both studies, the current authors did not find gag to
be significantly associated with OPA on either food/fluid
consistency in the present cohort. Other clinical markers
reported in the literature to be associated with OPA, such as
wheeze, stridor, throat clearing, desaturations or apnoea
during feeding, laboured breathing during feeding, or tem-
peratures following oral intake [7, 8, 17], were also not found to
be significantly associated with thin fluid aspiration in the
current study. While the present authors did not find any
clinical markers significantly associated with OPA on pure´es,
DEMATTEO et al. [7] reported that colour changes and abnormal
respiration presented a nonsignificant relative risk of 3.0 for
solid aspiration.
The current finding of wet voice having a higher likelihood
ratio than cough for OPA is in contrast to adult data. While
WARMS and RICHARDS [10] found that speech pathologists had
good inter-observer reliability for detecting wet voice (r50.85),
wet voice itself was not a reliable predictor of aspiration or
laryngeal penetration in their study of 23 adult patients.
WARMS and RICHARDS [10] found that wet voice was associated
with material in the larynx or trachea in only 8% (7 out of 88) of
penetration/aspiration episodes identified on VFSS, and where
wet voice was reported to be heard, it was indicative of
material in the larynx or trachea (penetration and/or aspira-
tion) in only 15% (7 out of 47) of episodes. In contrast to WARMS
and RICHARDS [10], the current study found wet voice to be
significantly associated with OPA on thin fluids for the whole
group data, for the younger age group and for both
neurological and non-neurological groups. In the MARI et al.
[23] study of 93 neurologically impaired adults, a history of
cough was reported to have higher predictive values for OPA
compared with the current findings, including a sensitivity of
75%, specificity of 74%, positive predictive value of 71% and
negative predictive value of 77% for radiographically docu-
mented aspiration. While the MARI et al. [23] study did not
examine predictive values of other clinical markers, the present
authors found that the highest likelihood ratio of any clinical
marker for OPA was wet voice (likelihood ratio of 8.00), which
suggests that cough may be a less sensitive marker of OPA in
children. These differences between adults and children
possibly relate to the influence of age on the structure and
development of the respiratory system, such as maturation of
the peripheral and central nervous systems and cortical
controls of cough, laryngeal and respiratory muscles [24].
Key differences include the attenuated hypercapnic response
and a paradoxical response to hypoxia in young children [25].
The current authors found that no clinical markers were
associated with a finding of ILP, which suggests that it is
undetectable clinically. This is in contrast to the findings of
DEMATTEO et al. [7], who reported that the combination of
cough, gag and reflux behaviours had a statistically significant
relative risk of 2.3 for fluid penetration, and a combination of
colour changes and abnormal respiration had a nonsignificant
relative risk of 2.6 for solid penetration. The differences
between the present and the DEMATTEO et al. [7] study may
TABLE 5 Differences in swallowing dysfunction on thin fluid and pure´e consistencies for neurological and non-neurological
groups
Type of swallow
dysfunction
Thin fluids Pure´e
Neurological Non-neurological p-value Neurological Non-neurological p-value
Subjects n 90 32 90 32
OPA# 35 (39) 6 (19) 0.004* 14 (16) 2 (6) 0.211
Silent aspiration 26 (29) 4 (13) 0.697 10 (11) 2 (6) 0.383
ILP 24 (27) 14 (44) 0.431 16 (18) 2 (6) 0.137
PSR 22 (24) 3 (9) 0.018* 34 (38) 3 (9) 0.005*
OPA: oropharyngeal aspiration; ILP: isolated laryngeal penetration; PSR: post-swallow residue. The total number of children in the neurological group was 106 children
and 44 children in the non-neurological. #: includes all children with OPA, both overt and silent. *: p,0.05.
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relate to differences of definition. DEMATTEO et al. [7] did not
define laryngeal penetration or distinguish children with ILP
(i.e. penetrators who do not also have aspiration). Thus, some
of these children may have had both OPA and ILP, which may
confound the real association between these clinical markers
and ILP only. Laryngeal penetration with no sensorimotor
response occurs frequently in normal adult populations [26]
and in patients with no history or clinical suspicion for
swallowing dysfunction during upper gastrointestinal studies
[20]. DAGGETT et al. [26] suggested that the lack of coughing or
throat clearing indicated that the normal upward and forward
laryngeal movement, and the inferior-to-superior closure of the
larynx during the swallow, was the normal clearance mechan-
ism where penetration occurred in the absence of aspiration
[26]. Thus, clinical markers noted in the clinical feeding
evaluation would not be associated with ILP, but would be
suggestive of OPA.
Influence of age and neurological status
Infants are said to demonstrate different responses to aspira-
tion and are particularly prone to silent aspiration. It has also
been suggested that cough is a less reliable indicator of
aspiration in a younger age group, due to disruptions in
postnatal maturation of airway clearance mechanisms or
desensitisation secondary to repeated aspiration [11, 27]. In
particular, apnoea has been noted to be indicative of aspiration
in infants, with cessation of respiration, closure of the airway
and multiple swallows until clearance of the aspirated
substance has occurred [11, 28]. The current authors found
that infants demonstrated stridor, apnoea/desaturations and
wet breathing significantly more frequently during feeds than
the older group, but none of these signs were significantly
associated with OPA. Wet voice was found to be the only
clinical sign associated with OPA on thin fluids in the group
aged f1 yr, while wet breathing had a significant association
with aspiration in the older group.
Reduced integrity of the cough reflex with a predisposition for
silent aspiration has been consistently noted in children with
neurological impairment and neurodisability [14, 29, 30]. In the
current study, the neurological group was more likely to
demonstrate swallowing dysfunction by the VFSS, including
OPA on thin fluids and PSR on both fluids and pure´es,
although there was no difference in the presence of cough in
response to OPA (i.e. silent aspiration) between the neurolo-
gical and non-neurological groups. The present finding
possibly relates to the small sample size of children with
OPA and silent aspiration in the non-neurological group.
Although the current study was limited by the retrospective
design, the use of standard data collection forms during the
medical chart/clinical feeding evaluation review and for VFSS
interpretation allowed for the systematic examination of the
current data in a large number of children. Wet voice is not
well defined in the medical literature, but is frequently used by
speech pathologists. Determination of its repeatability, validity
and reliability as a sign is important but could not be examined
and is another limitation of the current study.
The present authors conclude that wet voice and wet breathing
are likely to be the best clinical markers of thin fluid aspiration
in children. Cough was less specific in determining type of
dysfunction, being associated with both oropharyngeal aspira-
tion and post-swallow residue on thin fluids. In contrast, no
clinical markers were associated with oropharyngeal aspira-
tion on diets of pure´e consistency or with swallowing
dysfunction associated with risk of aspiration (isolated
laryngeal penetration on any consistency and post-swallow
residue on pure´es). Further research is needed to prospectively
define the clinical markers suggestive of oropharyngeal
aspiration and swallowing dysfunction in different age groups
and with different medical aetiologies.
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3.3  Update to Literature Review 
 
Since this paper was published there have been no studies investigating clinical signs and 
symptoms of oropharyngeal aspiration in children. 
 
3.4  Summary of Chapter 3 
 
This chapter evaluated the relationship between eleven clinical signs and symptoms taken 
from children’s clinical feeding evaluations (Referring Clinician’s MBS Pre-Assessment 
Form) with MBS (VFSS) results. Data for different subtypes of dysphagia (OPA, ILP and 
PSR) using thin fluid and puree consistencies were evaluated.  Additionally, sensitivity and 
specificity of each individual clinical sign for determining OPA was investigated, as well as 
the influence of age and neurological status on these signs and symptoms. Wet voice (OR 
8.9, sens 0.67, spec 0.92), wet breathing (OR 3.35, sens 0.33, spec 0.83) and cough (OR 
3.30, sens 0.67, spec 0.53) were significantly associated with thin fluid OPA. Cough was 
also significantly associated with thin fluid PSR (OR 3.59), however no clinical markers 
were significantly associated with thin fluid ILP; nor were any associated with OPA, ILP or 
PSR on purees. While age was not associated with OPA or ILP, it was associated with 
PSR, and neurological impairment was associated with OPA on thin fluids and PSR on 
both consistencies.  
This chapter demonstrated that OPA and ILP should not be used interchangeably when 
looking at clinical signs and symptoms, and research methodologies should distinguish 
them as separate entities for purposes of analysis, even though they may be seen as part 
of a penetration-aspiration continuum on the PAS. It also showed that clinical signs and 
symptoms noted in the CFE are more likely associated with thin fluid aspiration than 
purees or solids, and that even though purees are less likely to be aspirated, it is difficult to 
detect clinically, when OPA does occur.  
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Radiation doses to children during modified 
barium swallow studies.  
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4.1  Introduction 
 
As excessive radiation can be harmful, data assessing the amount of radiation a child 
receives during MBS is necessary before the use of MBS can be widely advocated. This 
chapter includes the published paper “Radiation doses to children during modified barium 
swallow studies”. This study addresses aim 3, to document the extent and predictors of 
radiation dose received by children undergoing a modified barium swallow study 
(MBS/VFSS). Screening times, dose area product, effective doses, growth parameters, 
medical diagnoses and procedural factors were recorded for 90 children undergoing MBS. 
The relationship between screening times and effective dose and procedural and/or 
patient-related factors were analysed.  
 
The following manuscript of this original article is included with permission from Springer 
and is published in Pediatric Radiology (2007) 37:283-290. DOI 10.1007/s00247-006-
0397-6. The final publication is available on http://link.springer.com. 
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Abstract 
Background There are minimal data on radiation doses to 
infants and children undergoing a modified barium swallow 
(MBS) study. 
Objective To document screening times, dose area product 
(DAP) and effective doses to children undergoing MBS and 
to determine factors associated with increased screening 
times and effective dose. 
Materials and methods Fluoroscopic data (screening time, 
DAP, kVp) for 90 consecutive MBS studies using pulse 
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fluoroscopy were prospectively recorded; effective dose 
was calculated and data were analyzed for effects of 
behavior, number of swallow presentations, swallowing 
dysfunction and medical problems. 
Results Mean effective dose for the entire group was 
0.0826 ±0.0544 mSv, screening time 2.48±0.81 min, and 
DAP 28.79 ±41.72 cGy cm2. Significant differences were 
found across  three  age  groups  (≤1.0,  >1.0–3.0  and 
>3.0 years) for effective dose (mean 0.1188, 0.0651 and 
0.0529 mSv, respectively; P < 0.001), but not for screening 
time or DAP. Effective dose was correlated with screening 
time (P= 0.007), DAP (P < 0.001), number of swallow 
presentations (P= 0.007), lower age (P= 0.017), female 
gender (P=0.004), and height (P<0.001). Screening time 
was correlated with total number of swallow presentations 
(P<0.001) and DAP (P<0.001). 
Conclusion Screening times, DAP, effective dose, and child 
and procedural factors associated with higher effective 
doses are presented for children undergoing MBS studies. 
 
Keywords  
Modified barium swallow . Videofluoroscopic swallow 
study . Pediatric dosimetry . Effective dose 
 
 
Introduction 
 
The modified barium swallow (MBS) study is arguably the 
most utilized tool for assessing swallowing disorders and 
oropharyngeal aspiration (OPA) in children. The aims of 
the procedure are to define the nature and pathophysiology 
of the swallowing impairment, to provoke the system to try 
to demonstrate the dysphagia complaint, and to identify 
adaptations that facilitate the child’s best performance so 
that a management protocol can be developed [1]. To 
adequately evaluate an individual  child’s  oropharyngeal 
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function and aspiration risk, a range of age-appropriate food 
and fluid textures and feeding utensils are included. The 
pediatric MBS has been adapted from adult studies to 
incorporate both diagnostic and treatment/management 
components while taking into account the developmental 
continuum (e.g., neuromotor, cognitive and behavior 
development) and techniques unique to the feeding styles 
of individual children. However, it has been suggested that 
children’s behavior and developmental-cognitive issues 
may affect the MBS with respect to duration required (i.e. 
screening times, effective dose, etc.) and applicability of 
results. 
 
Long-term effects of radiation are increasingly acknowl- 
edged, especially in children, as exposure to radiation has 
adverse effects that are age-dependent (i.e. the younger the 
child, the greater the radiation risk). Children are more 
sensitive to radiation-induced cancer than adults and are 
also vulnerable to the effects of radiation on development 
[2–6] with reported consequences including leukemia, 
breast cancer and developmental delay [6]. While the 
Australian Radiation Protection and Nuclear Safety Agency 
(ARPANSA) recommends dose limits of 1 mSv in a year 
for public exposure [7], these are not appropriate for 
individuals having diagnostic or therapeutic medical expo- 
sure to ionizing radiation. Children undergoing medical 
diagnosis or therapy require case-by-case justification of 
exposure incurred for adequate diagnosis and treatment, 
which is determined by the physicians responsible for their 
care [7]. Most agencies support the use of the ALARA 
principle, whereby at all times exposure is kept “as low as 
reasonably achievable” [8]. 
 
Factors likely to affect total radiation exposure to a child 
during an MBS study include equipment factors (e.g. type 
and age of fluoroscopic equipment, whether the equip- 
ment is digital or analog, number of frames captured per 
second, total filtration of the x-ray generator, use of 
copper filtration, image intensifier input radiation) [1], 
procedural factors (e.g. field of view and projection, use of 
continuous or pulsed fluoroscopy, use of collimation, 
shielding, distance, image magnification, screening time, 
number of swallow  presentations) [1, 9, 10]  and  child 
factors (e.g. age, mass, dimensions, disease processes) [1, 
11]. While child factors and the type of fluoroscopy unit 
are not parameters under our control in the examination, 
procedural factors can be manipulated to ensure that the 
dose to each individual child is limited, the most obvious 
of these being screening time. Published pediatric MBS 
studies document varying screening times. Logemann [12] 
recommended a maximum exposure time of 2 min for 
children regardless of age and number of food and fluids 
trials; Lefton-Grief et al. [13] reported a screening time of 
“approximately 1 minute”; Newman et al. [14] docu- 
mented screening times of 1–2 min for infants who were 
bottle fed only; Griggs et al. [15] reported a range of 2.07– 
8.12 min for children with multiple disabilities; and Jolley 
et al. [16] reported that studies can range from 30 s to 
5 min with an average MBS study lasting approximately 
2.5–3.5 min. 
 
Data on exposure time and effective dose using MBS 
studies in children would be useful in order to refine 
protocols, optimize outcomes and inform professionals 
and parents. In adults undergoing pharyngeal video- 
fluoroscopy (VTF) (mean age 65 years),  Wright  et  al. 
[17] documented screening times of 32–497  s  (mean 
286 s), dose area products (DAP) of 0.28–9.74 Gy cm2 
(mean 4 Gy cm2), and calculated effective doses of 0.27– 
1.1 mSv (mean 0.4 mSv). The only pediatric data on 
effective dose from MBS are those of Baikie et al. [18], 
who reported a dose of 0.8 mSv for a 3-min screening time 
(range of 3–4 min) in 54 children with cerebral palsy who 
had MBS studies in addition to other tests of aspiration. 
There are no published data specifically investigating 
radiation dose and its relationship to swallowing dysfunc- 
tion or MBS protocol in children. The aims of this study 
were to (1) prospectively document screening times, DAP 
and effective dose in infants and children undergoing MBS 
studies; and (2) to determine what factors were associated 
with increased screening times and effective doses to 
children. 
 
 
 
Materials and methods 
 
We studied 90 consecutive infants and children who were 
referred to the MBS clinic for evaluation of OPA and/or 
swallowing dysfunction. The presence of a neurological 
etiology or a history of gastroesophageal reflux (GER) was 
recorded, as these were considered risk factors for increas- 
ing MBS screening times. Children were coded as having 
either a neurological diagnosis or GER or both, if these 
diagnoses were noted on their referral slip or in their 
medical chart by a pediatrician or specialist. Children with 
neurological problems often have OPA, delayed reflex 
initiation and pharyngeal retention possibly requiring 
multiple swallows to clear residue, and those with GER 
may have behavioral effects such as food refusal, head 
turning away from food, batting food away, gagging and 
vomiting [19, 20]. This study was approved by the Royal 
Children’s Hospital & Health Service District Ethics 
Committee. 
 
The MBS examinations were performed using a digital 
fluoroscopy unit (Toshiba KXO-80G, North Ryde, NSW, 
Australia) and recorded for review on a digital DVD 
recorder (VOD digital MP3000, Toshiba, North Ryde, 
NSW, Australia). Pulsed fluoroscopy was performed at 
15 frames  per  second,  and  collimation  was  used  to 
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restrict the field of view to mouth, nasopharynx, 
oropharynx, upper esophagus and trachea. No digital 
images were acquired and magnification was not used in 
any of the studies. The fluoroscopy table was tilted 90° 
into the upright position with the child seated upright or 
semireclined in an age-appropriate pediatric insert on the 
Hausted VIC video imaging chair (Steris, Mentor, Ohio) 
between the X-ray tube and the image intensifier. The 
child’s primary caregiver fed the child a range of barium- 
impregnated food and fluids during the study as 
instructed by the speech pathologist. A standard protocol 
of food and fluid trials included at least two trials each of 
puree and lumpy semisolids from a spoon, a self-fed 
chewable solid texture, and two individual boluses or 
continuous drinking of thin fluid, nectar and thick fluids 
from a bottle or cup. The textures that were included and 
the order of food and fluid trials were presented as an 
individualized protocol that was predetermined by the 
speech pathologist and radiologist according to the 
child’s age, clinical feeding evaluation and presenting 
symptoms. A “fatigue  test” was undertaken most  com- 
monly in infants who were bottle feeding to assess suck- 
swallow-breath coordination over the duration of a full 
bottle feed. The child was initially screened for a series 
of up to 20 suck-swallow-breath cycles and then 
rescreened intermittently during a period of continued 
drinking to approximate a normal feed volume (approx- 
imately 60–100 ml of fluid). Images of the children were 
recorded in the lateral view. No child required an 
anteroposterior view, although this would be utilized as 
part of the protocol if facial asymmetry or hemiplegia 
was noted in the clinical evaluation or unilateral 
pharyngeal paresis was suspected. 
 
Data collected for each child included: age; gender; 
weight (kg); height (cm); total screening time (minutes); 
DAP (cGy cm2); average screening kilovolts (kVp); total 
number of swallow trials; number of trials per texture for 
puree, paste, semisolid, solid, thin fluid, nectar fluid and 
thick fluid; bottle feeding; and inclusion of fatigue testing. 
Children’s behavior was recorded as either challenging 
(characterized by food refusal, aversive behaviors, crying 
and distress) or not, and parents were asked whether the 
child’s behavior was reflective of his/her performance at 
feeds/meal-times in the home. Whether a radiology fellow 
or attending pediatric radiologist was the primary fluoros- 
copy operator was also recorded. All studies were done 
with the attending pediatric radiologist in attendance. 
 
Two swallowing characteristics were taken from the MBS 
data analysis sheets, which are used to analyze all MBS 
studies at our facility. These characteristics included the 
presence or absence of OPA and the presence/severity of 
pharyngeal residue. Aspiration was defined as entry of 
food or fluid below the level of the true vocal folds [12]. 
The severity of pharyngeal residue was assigned using 
criteria for normal, mild, moderate and severe according to 
the following descriptions: 
1. Normal: Full clearance of the pharynx with no residue 
in the pharyngeal recesses (valleculae/hypopharynx or 
pyriform fossae). 
2. Mild: Minimal residue in the valleculae/pyriform 
fossae. Observable coating of the hypopharynx/poste- 
rior pharyngeal wall. May only be on more solid 
consistencies. Clears with dry swallows/fluid swallows. 
3. Moderate: Notable residue in the valleculae/pyriform 
fossae and/or observable coating of the hypopharynx/ 
posterior pharyngeal wall after the initial swallow. 
Small amounts still evident after dry swallows or fluid 
swallows. 
4. Severe: Consistent residue in the valleculae/pyriform 
fossae/hypopharynx/posterior pharyngeal wall after 
multiple dry or liquid swallows. Material falling 
forward to be aspirated after the swallow. 
 
Effective dose was then calculated using the software 
PCXMC (version 1.5) [21]. This program incorporates the 
Monte Carlo calculations, including organ doses for user- 
specified combinations of radiographic projections for six 
age groups (0, 1, 5, 10, 15 years and adults). All 
participants were viewed in the lateral projection, and 
individual effective dose data were calculated from their 
own weight, height, DAP and average kVp as inputs to the 
PCXMC software. 
 
Analysis 
 
Statistical analysis was performed using SPSS version 13.0. 
Frequency data were calculated for the entire cohort and 
then for the three age groups ≤1.0, >1.0–3.0 and >3.0 years. 
The distribution of the data was examined using the 
Kolmogorov-Smirnov test of normality and as the data 
were normally distributed, parametric analysis was used. 
Univariate analysis included correlations between risk 
factors for increased screening time and effective dose 
performed using the Pearson correlation coefficient for 
continuous variables. Mean comparisons were made for 
categorical variables and the t-test was used. Multivariate 
analysis was then performed using linear regression for 
both effective dose and then screening time. Variables 
included age, gender, weight (kg), height (cm), total 
screening time (min), DAP (cGy cm2), effective dose 
(mSv), average screening kilovolts (kVp), total number of 
swallow trials, bottle feeding, fatigue testing, behavior and 
radiology fellow/attending pediatric radiologist. The rela- 
tionship between behavior and diagnoses of GER and 
neurological impairment were analyzed using the chi- 
squared test. Two-tailed P values of <0.05 were considered 
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significant. Group differences in screening time, DAP, 
effective dose and behavior were analyzed using ANOVA 
with post-hoc analysis using Tukey’s post-hoc test. 
 
A colinearity test using variance inflation factor (VIF) 
and interaction testing was performed for factors associ- 
ated with effective dose. The variance inflation factor was 
very high in the multivariate model including height and 
weight. Since weight was no longer a statistically 
significant factor after adjusting for height, this variable 
was dropped from the final multivariate model. Factors 
including bottle feeding and fatigue testing were associ- 
ated with young age, and as they were no longer 
significant, these variables were also dropped from the 
final multivariate model. Colinearity and interaction test 
were conducted for screening time with no colinearity 
detected; interaction terms in the model were not 
statistically significant. 
 
 
 
Results 
 
Participants included 56 males and 34 females with a mean 
age of 1.57 years (SD 4.82 years, range 0.03–15.83 years). 
The mean ages of the three age groups ≤1.0 year, >1.0– 
3.0 years, and >3.0 years were 0.52 years (SD 0.33, range 
0.03–1.04), 1.92 years (SD 0.60, range 1.12–2.92), and 
8.56 years (SD 4.09, range 3.23–15.83), respectively. 
Weight and height data for each age group and the total 
group are presented in Table 1. 
 
Screening time, DAP and calculated effective dose data 
for each group and the total group are presented in Table 2. 
There were no significant differences between the groups 
noted for screening time or DAP. However, a significant 
difference was calculated for effective dose (P < 0.001). 
Post-hoc analysis indicated differences in effective dose 
between the ≤1.0-year group and both the >1.0–3.0-years 
group (mean difference 0.05, P=0.000) and the >3.0-years 
group (mean difference 0.07, P<0.001), respectively. There 
was no significant difference in effective dose between the 
>1.0–3.0-years and >3.0-years group (mean difference 
0.01, P=0.599). 
Medical diagnoses, swallowing characteristics and behavior 
 
A history of GER was noted in 27 of the 90 children (30%) 
and neurological impairment in 60 children (66.7%). 
Aspiration occurred in 28 children (31.1%), and there were 
no differences between age groups with respect to the 
presence of aspiration (P=0.415). Pharyngeal residue was 
present in 47 children (52.2%) and pharyngeal residue 
severity scores among the 90 children were as follows: 
normal 43 (47.8%), mild 27 (30%), moderate 12 (13.3%) 
and severe 8 (8.9%). Thus, 20 children (22.2%) had a 
pharyngeal residue severity score of moderate–severe, and 
there were significant differences between the age groups 
(P<0.001). Moderate–severe pharyngeal residue was pre- 
dominant  in  the  >3.0-years  age  group  with  significant 
differences between the ≤1.0-years group (mean difference 
0.43, P < 0.001) and the >1.0–3.0-years group (mean 
difference 0.39, P=0.001), respectively. 
 
Of the 90 children, 29 (32.2%) demonstrated challenging 
behavior during the MBS examination. This occurred at a 
higher rate in the toddler age group (>1.0–3.0 years; 12/30, 
40.0%) than in the infant group (≤1.0 year; 11/35, 31.4%) 
and the >3.0-years group (6/25, 24.0%). The difference 
between age groups was not significant (P=0.455), and 
challenging behavior was not significantly related to a 
diagnosis of GER (P=0.883) or neurological impairment (P= 
0.523) in this cohort. The majority of parents (85/90, 94.4%) 
indicated that their child’s behavior during the MBS (either 
challenging or not) was reflective of mealtime behavior in 
the home. 
 
Factors associated with screening time 
 
Factors that were moderately correlated with screening time 
following univariate analysis included DAP (r=0.487, P< 
0.001), kVp (r=0.258, P=0.014), total number of swallow 
presentations (r=0.417, P< 0.001) and the presence of 
aspiration (P=0.024). While the presence of behavioral 
difficulties was not significant, there was a trend for 
significance (P=0.063). Factors that did not correlate with 
increased screening time included weight (r=−0.055, P= 
 
 
Table 1  Weight and height 
data for the three age groups 
 
≤1.0 years (n =35) 
 
>1.0–3.0 years (n=30) 
 
>3.0 years (n =25) 
 
All (n= 90) 
and the total group  
Weight (kg)     
 Mean 6.51 10.95 27.92 13.94 
 SD 2.26 2.19 19.41 13.59 
 Range 3.20–10.00 7.02–15.00 11.00–79.00 3.20–79.00 
 Height (cm)     
 Mean 64.38 81.96 122.20 86.30 
 SD 8.86 8.50 27.16 28.45 
 Range 40.00–80.00 60.0–95.00 91.00–179.00 40.00–179.00 
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Table 2  Screening time, kVp, DAP and effective dose for the three age groups and the total group 
≤1.0 years (n =35) >1.0–3.0 years (n=30) >3.0 years (n= 25) All (n=90) P valuea 
Screening time (min)    0.490 
Mean 2.52 2.57 2.32 2.47 
SD 0.78 0.77 0.91 0.81 
Range 0.80–4.60 1.00–4.10 0.80–3.80 0.80–4.60 
kVp 0.164 
Mean 66.7 65.0 64.5 65.5 
SD 3.9 5.3 5.3 4.7 
Range 55–74 55–76 50–75 50–76 
DAP (cGy cm2) 0.172 
Mean 25.80 28.73 33.04 28.79 
SD 10.20 16.23 17.50 14.72 
Range 10.00–44.00 3.00–80.00 8.00–86.00 3.00–86.00 
Effective dose (mSv) 0.001 
Mean 0.12 0.07 0.05 0.0826 
SD 0.06 0.04 0.03 0.0544 
Range 0.04–0.26 0.01–0.14 0.01–0.12 0.0027–0.2542 
a Significance levels reported are for the total group only. 
 
0.604), height (r=−0.070, P=0.512), gender  (P=0.538), 
radiology fellow/attending pediatric radiologist (P= 0.143), 
whether bottle feeding (P=0.160) or fatigue testing (P= 
0.542) was incorporated into the study, a diagnosis of GER 
(P=0.410) or neurological impairment (P=0.133), pharyn- 
geal residue (P=0.256) and moderate to severe residue (P= 
0.274). Following multivariate analysis, factors remaining 
significantly associated with screening time included DAP, 
kVp and total number of swallow presentations. The results 
of the multivariate analysis for factors associated with 
screening time are presented in Table 3. 
 
Factors associated with effective dose 
 
The factors that were moderately correlated with effective 
dose following univariate analysis included DAP (r=0.321, 
P=0.002) and screening time (r=0.404, P<0.001). Weight 
(r=−0.402, P<0.001), height (r=−0.498, P<0.001), and 
age (r=−0.383, P<0.001) had an inverse relationship with 
effective dose. Other factors significantly associated with 
effective dose included bottle feeding (P=0.021), fatigue 
testing (P<0.001) and gender (P=0.011), with females 
receiving higher doses (mean 0.0940, range 0.0066– 
0.2096) than males (mean 0.0670, range 0.0027–0.2542). 
Effective doses in relation to gender across the three age 
groups and the total group are presented in Table 4. Factors 
 
 
that did not correlate with effective dose included the MBS 
being performed by a radiology fellow (P=0.160), behav- 
ioral difficulties (P=0.743), a diagnosis of GER (P=0.781) 
or neurological impairment (P=0.809), pharyngeal residue 
(P=0.074), moderate to severe residue (P=0.333), aspira- 
tion (P=0.461) and total number of swallows (r=−0.161, P 
<0.129). In the multivariate analysis, the factors signifi- 
cantly associated with effective dose included screening 
time, DAP, height, female gender, and young age. Total 
number of swallow presentations was included in the 
model, as it was considered clinically plausible; however, 
it was inversely related to effective dose. Multivariate 
results for factors associated with screening time are 
presented in Table 5. 
 
 
 
Discussion 
 
This is the first study in which screening times and effective 
radiation doses to infants and children undergoing an MBS 
study have been prospectively documented, and we report 
here the mean screening times and effective doses in 90 
children. The screening times recorded in our study were 
within the ranges previously reported for this procedure [1, 
10, 15, 18]. Our mean time of 2.5 min suggests that a 
screening time of approximately 2–3 min is required to 
 
Table 3   Factors associated 
with screening time  
(multivariate analysis 
results) 
 
 
Variable Beta SE P value % variation explained 
DAP 0.023 0.005 0.001  0.219 
kVp 0.043 0.014 0.003  0.098 
Total number of swallows 0.102 0.028 0.001  0.136 
Aspiration −0.267 0.144 0.067  0.039 
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 Group Female    Male   Mean  difference P value 
 n Mean SD  n Mean SD   
≤1.0 year (n= 35) 17 0.14 0.06  18 0.10 0.06 0.04 0.056 
>1.0–3.0 years (n= 30) 8 0.08 0.04  22 0.06 0.04 0.01 0.389 
>3.0 years (n=25) 9 0.05 0.03  16 0.05 0.03 0.01 0.775 
All (n=90) 34 0.10 0.06  56 0.07 0.05 0.03 0.018 
 
Table 4   Effective doses (mSv) in relation to gender across the age groups 
 
 
 
 
 
 
 
 
 
 
 
evaluate children undergoing an MBS study over a variety 
of textures. Effective doses in the range 0.01–0.25 mSv 
with a mean effective dose of 0.08 mSv suggest that the 
MBS procedure exposes children to effective dose levels 
well below the dose limit of 1 mSv per year for public 
exposure suggested by ARPANSA. These are arguably 
reasonable doses if employing a risk/benefit assessment 
used in determining appropriateness of medical diagnostic 
exposure. These effective doses are much lower than 
previous pediatric MBS data (0.8 mSv) [18] and compare 
favorably with nuclear scintigraphy tests for aspiration such 
as a salivagram or milk scan (2.4 mSv at 1 year of age, 
1.3 mSv at 5 years and 0.9 mSv at 10 years) [18]. Similarly, 
the effective doses compare favorably with those reported 
during upper gastrointestinal contrast studies for infants 
(1.6 mSv for infants aged 0.5–5.9 months, 1.9 mSv for 
infants aged 6.0–15.0 months) [22] and children (3 mSv) 
[5]. 
 
We found that screening time, DAP, and effective dose 
were moderately correlated with each other as previously 
found by Wright et al. [17] in adults. Following examina- 
tion of factors that influence screening time, the total 
number of swallow presentations was highly correlated, 
while the presence of aspiration, initially associated with 
screening time, was no longer relevant following multivar- 
iate analysis. Factors significantly correlated with effective 
dose included young age, lower weight and height, female 
gender, use of bottle feeding and fatigue testing. By 
contrast, having a radiology fellow perform the study, or 
having a neurological etiology, GER, aspiration or pharyn- 
geal residue, did not correlate with effective dose. 
 
The correlation between female gender and effective 
dose as well as an inverse relationship between age and 
 
 
 
 
 
 
 
 
 
 
 
effective dose is consistent with findings from other 
diagnostic procedures [23–25]. Weight became nonsignifi- 
cant following multivariate analysis, indicating that height 
was associated with effective dose and was the more 
important factor affecting the proportion of the child 
screened. This may be due to the dimensions of the infant 
head and neck (incorporated in the MBS field of view) 
being relatively larger in proportion to the child’s total 
length and thus representing a larger proportion of the body 
being screened than for older children or adults. Females 
have a typically smaller length/height than males (hence the 
use of gender-specific growth charts from birth) and may 
account for gender differences that reached significance 
with larger participant numbers (i.e., whole-group data). 
The use of bottle feeding and fatigue testing (usually 
performed with bottle-feeding infants to assess deterioration 
in suck-swallow-breath coordination over time) were no 
longer significant following multivariate analysis. The 
initial significance of these factors was more likely a 
reflection of the fact that they were used in the younger age 
groups where the age and height were most likely 
contributing to the association with effective dose.  The 
inclusion of a fatigue test to assess children’s swallowing 
function over the duration of a feed/meal did not increase 
screening times nor did the use of bottle feeding, which 
may be a function of regular monitoring of screening time 
by staff during the study and online adjustments to 
protocol. 
 
It has commonly been suggested that behavior and 
cognitive factors, inherent in infants and young children, 
may lead to extended screening times and doses, but this 
was not found in our study. No relationship was found 
between screening  times,  DAP  or  effective  dose  and 
 
Table 5   Factors associated with effective dose (multivariate analysis results) 
 
Variable Beta SE P value % variation explained 
DAP 0.002 0.001 0.001 0.247 
Screening  time 0.016 0.006 0.005 0.090 
Age 0.006 0.003 0.015 0.070 
Height −0.002 0.003 0.001 0.244 
Total number of swallows −0.005 0.002 0.002 0.105 
Gender 0.024 0.007 0.002 0.114 
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challenging behavior in our study. This is most likely a 
reflection of the radiologist’s and speech pathologist’s 
monitoring of  screening time  during the procedure and 
reprioritizing swallow trials or terminating the procedure 
when deemed appropriate. A range of strategies are utilized 
at our facility to optimize children’s compliance such as 
fasting the children for 4 h prior to the examination so they 
are hungry, having appointments away from regular sleep 
times, having the parent/caregiver present food and fluid 
textures to the child during the examination [1, 10, 26] and 
using simple behavioral techniques such as positive 
reinforcement with toys to reward the child for swallows 
taken. However, in spite of these strategies, 32% of children 
in the entire group presented with challenging behavior, 
most often characterized by refusal of food textures in their 
protocol. Challenging behavior was demonstrated at a 
similar rate for the two younger age groups, and at a 
slightly lower rate for the >36-months age group. However, 
in children with challenging behavior in the MBS study, 
parents indicated that this behavior was reflective of 
feeding behavior at home 82% of the time. While 
challenging behavior may not extend screening times, 
DAP or effective dose, it would be more likely to extend 
the total study time, that is, how long the entire procedure 
took from entry into the fluoroscopy suite to completion of 
the procedure. However, this information was not recorded 
in this study. 
 
Contrary to our concerns, specific diagnoses, such as 
GER or neurological impairment, or a swallowing charac- 
teristic of pharyngeal retention did not extend screening 
times or effective dose in our study. While children with 
GER are known to demonstrate food refusal and challeng- 
ing mealtime behaviors, we found no increased risk of 
challenging  behavior  during  the  MBS  study  with  these 
children. Similarly, while children with neurological im- 
pairment demonstrated a fivefold increased risk of having 
pharyngeal  residue,  this  did  not  appear  to  significantly 
extend screening time, DAP or effective dose. This may 
have been related to the fact that the majority of residue 
noted was in the mild range and not likely to have required an 
extensive number of swallows to clear, or again, this may 
have been due to progressive monitoring of screening time 
during the study and alterations to protocols during the study. 
While this study focused on children having a single 
MBS study, many children, particularly those with moder- 
ate–severe dysphagia or complex medical conditions, may 
require repeated MBS evaluations. Data from this study 
may assist clinical decisions about timing of repeat MBS 
studies or online decisions during the initial  study. For 
example, an infant may have a shorter initial study and then 
a repeat study scheduled when he or she is over 1 year of 
age (if clinically acceptable), at which time he/she will be 
receiving a lower effective dose due to rapidly changing 
proportions of the head and neck relative to total body 
length with growth. However, it may be reasonable to have 
a more extensive study with a longer screening time for an 
older child, trialing all food or fluid textures indicated, 
rather than bringing him/her back for a repeat study, which 
inevitably includes radiation associated with setting up the 
field of view. When infants and children are likely to be 
exposed to multiple fluoroscopic examinations such as 
repeat MBS studies, upper gastrointestinal contrast studies 
(standard barium swallows) and/or conventional radio- 
graphs, close monitoring of dose levels over an individual’s 
lifetime should be encouraged and a risk/benefit assessment 
and judicious ordering of investigative procedures using 
ionizing radiation should be employed. 
 
 
 
Conclusion 
 
This study informs clinical care by documenting screening 
times, DAP and effective doses during MBS studies for 
children of various ages. Effective doses to infants and 
children during MBS studies are considerably lower than 
previously reported and compare favorably with alternative 
investigations of aspiration and swallowing dysfunction, 
and thus we believe the radiation dose incurred in MBS 
studies presents an acceptable risk. This study highlights 
factors associated with increased screening time (i.e., DAP, 
number of swallow presentations) and higher effective dose 
including DAP, increased screening times, young age, small 
height/length and female gender. Higher effective doses 
were calculated for young infants than for older children. 
Awareness of factors associated with higher effective doses 
and screening times are important to individualize MBS 
studies and minimize radiation risk for each individual. 
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4.3  Update to Literature Review 
 
Since this study was published, only one paper has been published which has included 
screening time and radiation dose for MBS studies in a paediatric group. Chau and Kung 
2009,1 conducted a study into radiation dose to patients during VFSS in Hong Kong. They 
had a mixed cohort of 389 patients, aged 1-101 years (mean age 64.5 years), which 
included a paediatric cohort of 15 patients under the age of 10. They reported data for the 
overall group including mean DAP of 2.42 ± 2.04 Gy cm2, effective dose of 0.31 ± 0.26 
mSv, and mean screening time of 4.23 ± 2.56 minutes. For their paediatric patients, they 
reported much longer screening times (mean 4.49 ± 3.14 minutes, range 1.28 to 14.6 
minutes), DAP was 2.10 ± 2.30 Gy cm2 and correspondingly higher effective doses of 0.26 
± 0.30.mSv than found in our study. Both Chau and Kung1 and Bonilha and colleagues,2 
an adult study who investigated the influence of clinician experience, medical diagnosis 
category, swallowing impairment severity, and use of a standardized protocol on 
fluoroscopy time, have referenced my paper. 
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4.4  Summary of Chapter 4 
 
This chapter prospectively investigated screening times, dose area product, and effective 
doses to 90 children undergoing MBS, and determined which factors, procedural and/or 
patient-related, were associated with longer screening times and effective dose. Children’s 
data were analysed according to 3 age groups ≤1 year, >1 – 3 years, and > 3 years. While 
there were no significant differences between screening time or DAP according to age, 
significant differences in effective dose were noted whereby radiation dose was inversely 
related to age and length/height. Procedural factors related to increased effective dose 
included DAP, screening time, and total number of swallow presentations (food and fluid 
consistencies). Patient factors related to increased effective dose were younger age, 
shorter length/height, and female gender. This chapter provided important clinical 
information regarding radiation dose to children, and factors to consider when determining 
the study protocol for each child having an MBS. 
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Oropharyngeal aspiration and pneumonia in 
children. 
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5.1  Introduction 
 
This chapter includes the published paper “Oropharyngeal Aspiration and Pneumonia in 
Children” and addresses aim 4 of the thesis. The study investigated the relationship 
between pneumonia and MBS (VFSS) identified oropharyngeal aspiration on food and 
fluid consistencies and other risk factors for pneumonia in a cohort of 150 children using a 
retrospective design. It is the first study to look at the association between OPA and 
pneumonia in children using a strict definition of pneumonia as per the WHO classification, 
OPA determined by instrumental evaluation (MBS / VFSS), and taking into account that 
children have developing immunological systems such that other risk factors for 
pneumonia were evaluated with OPA during regression analysis.   
 
The following article is reproduced with permission from John Wiley & Sons, Inc.  
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Oropharyngeal Aspiration and Pneumonia in Children
Kelly Weir, MSpPath,1,3* Sandra McMahon, PhD,1,2 Linda Barry, BSpPath,3 Robert Ware, PhD,4
I Brent Masters, FRACP,5 and Anne B. Chang, FRACP5,6
Summary. Oropharyngeal aspiration (OPA) of food and fluids is known to be associated with
pneumonia in dysphagic children with neurological disease and direct causality is often assumed.
However, little is known about the relationship between OPA and pneumonia in medically complex
children when other possible risk factors for pneumonia are considered. We examined the
association ofWorld Health Organization (WHO)-defined pneumonia in a heterogeneous group of
children with swallowing dysfunction identified by a videofluoroscopic swallow study (VFSS). A
retrospective chart reviewof 150 children (aged2weeks to 20 years)wasundertaken to determine
the relationship between pneumonia and (i) type of swallowing dysfunction (including OPA), (ii)
consistency of aspirated food/fluid, and (iii) other factors including multisystem involvement and
age (1 year or >1 year). In univariate analysis, the odds ratio (OR) for pneumonia was
significantly increased in children with post-swallow residue (PSR) (OR 2.5) or aspiration on thin
fluids (OR 2.4), but not with aspiration of thick fluids or purees. In multi-logistic regression, type of
swallowing dysfunction or aspirated food/fluid were no longer significant. Instead, pneumonia was
significantly associated with diagnosis of asthma (OR 13.25), Down syndrome (OR 22.10),
gastroesophageal refluxdisease (GERD) (OR4.28), or historyof LRTI (OR8.28),moist cough (OR
9.17) or oxygen supplementation (OR 6.19). Childrenwithmultisystem involvement demonstrated
a higher association with pneumonia, but no difference was found for age. We conclude that the
impact ofOPAondevelopmentof pneumonia is considerably reducedonceother factors in children
with multisystem involvement are taken into account. Pediatr Pulmonol. 2007;42:1024–
1031.  2007 Wiley-Liss, Inc.
Key words: aspiration; oropharyngeal aspiration; dysphagia; modified barium swallow;
pneumonia; videofluoroscopy; videofluoroscopic swallow study.
INTRODUCTION
Oropharyngeal aspiration (OPA) is defined as small
volume aspiration of fluids, food particles and/or
oral secretions below the level of the true vocal folds.
Respiratory signs and consequences of OPA include
apnea, tachypnea, chronic cough, noisy breathing, and
recurrent wheeze.1–3 OPA is associated with increased
likelihood of pneumonia and other respiratory sequelae in
children with neurological problems.4–6 Also, causality
and a linear relationship between OPA and pneumonia is
often assumed, in that OPA causes pneumonia and the
thicker the food/fluid consistency aspirated, the higher the
likelihood of pneumonia.7,8 Using the videofluoroscopic
swallow study (VFSS) with different food/fluid consis-
tencies, Taniguchi and Moyer8 retrospectively examined
the risk factors for ‘pneumonia’ in children with neuro-
logical impairment and dysphagia. They found that while
aspiration of thin fluids incurred no increased risk for
pneumonia, children who aspirated thickened fluids and
puree consistencies had 2.6 times and 9.3 times greater
risk of having pneumonia respectively. However, assum-
ing a causal relationship between fluoroscopic documen-
tation of OPA and pneumonia based on current studies
may over-estimate the impact of OPA in relation to other
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known factors associated with pneumonia and lower
respiratory tract infection (LRTI) in infants and young
children (e.g., method of infant feeding, attendance
at daycare, smoke exposure, mobility, gastroesophageal
reflux (GERD), and co-morbidities).9–12 Studies report-
ing the association between OPA and pneumonia have
often used various loose criteria for both the terms
‘aspiration pneumonia’13,14 and ‘pneumonia.’ The defi-
nition of pneumonia is arguably vague in research
domains unless the standardized definition of the World
Health Organization (WHO)15 is used.
Pneumonia is a frequent cause of hospitalization in
children with childhood pneumonia rates reported as high
as 74/1000 in children aged 0–3 years16 with approx-
imately 41–42% of children requiring hospitaliza-
tion.10,17 While the most common causes of community-
acquired pneumonia are of bacterial and viral origin,10,18
oropharyngeal incoordination with aspiration, or OPA, is
reportedly the most common cause of recurrent pneumo-
nia in childhood,9 and responsible for approximately 8%
of children hospitalized for pneumonia.19
The gold standard for assessing OPA in both adults and
children is arguably a VFSS, which includes dynamic
visualization of the oral and pharyngeal phases of
swallowing with particular attention to the assessment of
airway protection and the occurrence of aspiration.20–23
An extensive range of swallowing parameters are
identifiable on VFSS20,24–26 however those of particular
interest include delayed swallow reflex, pharyngeal
residue, laryngeal penetration, and OPA.
Pediatric literature reporting an association between
OPA and pneumonia have involved predominantly
neurologically impaired populations.27,28 However,
OPA and feeding difficulties are associated with the
presence of various co-morbidities (e.g., neurological
impairment, respiratory disease, GERD, and genetic
syndromes affecting craniofacial structures, etc).29,30
There are no previous studies which have examined OPA
and swallowing dysfunction in relation to other possible
risk factors for pneumonia in children with multisystem
involvement (i.e., medical conditions affecting more
than one organ system). In this study, we investigated the
relationship between pneumonia, swallowing dysfunc-
tion identified on VFSS and food/fluid consistencies in a
medically complex population of children presenting for
evaluation of feeding and swallowing dysfunction at a
tertiary pediatric hospital. Our hypothesis was that
children with swallowing dysfunction and/or multi-
system involvement would have increased association
with pneumonia. Specifically, we aimed to determine
whether (i) type of swallowing dysfunction (aspiration,
laryngeal penetration, delayed reflex initiation and post-
swallow residue (PSR)) identified on VFSS, (ii) type of
aspirated food/fluid consistency, and (iii) other factors
including multisystem involvement and age (1 year or
>1 year) were associated with increased incidence of
pneumonia in the 12 months preceding the VFSS
evaluation.
METHODS
The medical records and studies of 150 children who
attended a VFSS at the Royal Children’s Hospital,
Brisbane between April 2001 and August 2004 were
reviewed retrospectively. A specifically devised data
collection sheet was used and referral information and
clinical signs associatedwith oral feeding at the time of the
VFSS was documented. The chart review included
documentation of the diagnosis of pneumonia and factors
of interest in the 12 months preceding the VFSS.
Pneumonia was defined using theWHO criteria including
documented evidence of the presence of cough, fever
(38.58C), tachypnea above specified rate for age and
dyspnea.15 Children’s medical diagnoses were catego-
rized into compromised organ systems (henceforth
referred to as ‘‘system’’) and children were allowed to
have more than one system involved (i.e., categories were
notmutually exclusive). The categorieswere derived from
and enlarged upon those described by Burklow et al.29 and
included neurological, gastrointestinal, cardiopulmonary,
structural, metabolic and genetic. Abnormal ambulatory
oesophageal pH-metrywas defined as reflux index (% time
pH<4%) of>10% in infants (aged 1year) and 4% in
children aged >1year.31
Factors of interest included medical diagnoses (con-
sidered present if recorded in the preceding 12 months),
gender, age (1 year or >1 year), presence of enteral
feeding, GERD (defined by abnormal pH-metry or
oesophageal biopsy), tracheostomy, history of seizures,
upper respiratory tract infection (URTI), LRTI, moist
cough, history of mechanical ventilation, oxygen supple-
mentation and suctioning, current oxygen requirement at
the time of the VFSS and type of swallowing dysfunction
noted on thin fluid, nectar thick fluid and puree
consistencies during the VFSS.
ABBREVIATIONS
Adj adjusted
CI confidence intervals
FEESST fiberoptic endoscopic evaluation of swallowing with
sensory testing
GERD gastroesophageal reflux disease
LRTI lower respiratory tract infection
OPA oropharyngeal aspiration
OR odds ratio
PSR post-swallow residue
RTI respiratory tract infection
URTI upper respiratory tract infection
VFSS videofluoroscopic swallow study
WHO World Health Organization
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Videofluroscopic Swallow Study
A standardised VFSS procedure has been in practice at
our institution since 1998 whereby the VFSS procedures
were conducted during a regular multidisciplinary VFSS
clinic. Children were given barium-impregnated food and
fluid consistencies suitable for their age and in a sequence
pre-determined by the speech pathologist according to the
child’s history, clinical signs of aspiration and perform-
ance on a clinical feeding evaluation prior to the study
(wherever possible).32 Our protocol generally included at
least two trials each of puree and lumpy semisolids from a
spoon, a self-fed chewable solid texture, and two
individual boluses or continuous drinking of thin fluid,
nectar and thick fluids from a bottle or age-appropriate
cup. A ‘fatigue test’ was commonly undertaken in infants
who were bottle feeding to assess suck-swallow-breath
coordination over the duration of a full bottle feed. The
child was initially screened for a series of up to 20 suck-
swallow-breath cycles and then re-screened intermittently
during a period of continued drinking to approximate a
normal feed volume (approximately 60–100 ml of fluid).
Therapeutic swallowing strategies or positioning changes
for swallowing rehabilitation were incorporated into
studies as appropriate. The VFSS recordings were
analyzed using a standard data sheet, which requires
comment on 40 items of swallow function across oral
preparatory, oral and pharyngeal phases of the swallow;
and was adapted from the work of Logemann20 and
Arvedson and Lefton-Grief.24 Items were recorded for
every food/fluid consistency trialed during the study. Four
types of swallowing dysfunction were identified based on
the following definitions: (1) aspiration: the passage of
material below the level of the true vocal folds;20 (2)
laryngeal penetration: entry of material into the laryngeal
vestibule, but not passing below the true vocal folds;20 (3)
delayed initiation of the swallow reflex: the swallow reflex
initiating as the bolus contacted the valleculae or pyriform
fossae; and (4) post-swallow residue (PSR): pharyngeal
residue evident in the pharynx post-swallow (including
the valleculae, pyriform fossae, hypopharynx, and/or
posterior pharyngeal wall).24 For the purposes of this
study, each of these four types of swallowing dysfunction
were coded as either ‘absent’ or ‘present.’
Statistical analysis was performed using the SPSS
Version 13.0. The relationship between the independent
variable (pneumonia) and the exposure variables was
analyzed using chi square and odds ratios with 95%
confidence intervals expressed for each variable. Multi-
variate analysis was performed using logistic regression.
A two tailed P value of<0.05 was considered significant.
RESULTS
The median age of the children was 16 months (range
0.5–247 months): 89 (59%) males and 61 (41%) females.
Fifty-three (35%) children were aged 1 year and 97
(65%) aged>1 year. Thirty-eight (25%) children fulfilled
the criteria for pneumonia according to the WHO
definition with 9/53 (17%) in the 1 year age group and
29/97 (30%) in the >1 year age group diagnosed with
pneumonia. No gender differences were found for
association with pneumonia. VFSS results detailing the
types of swallowing dysfunction found across different
consistencies for the entire cohort are presented in Table 1.
Aspiration and laryngeal penetration most commonly
occurred with thin fluids, then nectar thick fluid, and lastly
puree consistency. Delayed reflex initiation most com-
monly occurred with nectar consistency and PSR was
more common with thicker consistencies including nectar
and puree, than for thin fluids.
The association between pneumonia and swallowing
dysfunction was analyzed firstly for the pooled results for
all consistencies (i.e., results for puree, nectar and thin
fluids consistencies combined), labeled ‘‘any consis-
tency,’’ and then by looking at type of swallowing
dysfunction based on type of food/fluid consistency
(Table 1). The percentage of children who developed
pneumonia was similar in those with aspiration 18/150
(12%) and those without aspiration 20/150 (13%). While
54/150 children (36%) demonstrated aspiration on ‘any
consistency,’ only 18/54 (33%) of these children had
pneumonia. Of the 96/150 (64%) children with no
aspiration on any consistency, 20/96 (21%) had had
pneumonia. Children who aspirated on thin fluids (OR
2.43; 95% CI 1.05–5.64; P¼ 0.036) as well as those who
had PSR on any consistency (OR 2.52; CI 1.12–5.66;
P¼ 0.023) were significantly more likely to have had
pneumonia. However following multivariate analysis, the
association between pneumonia and aspiration on thin
fluids and PSR on any consistency was no longer
significant (Table 2). While aspiration on thin fluids was
non-significant when included in the regression analysis,
this item was removed from the final regression model as
reduced participant numbers (N¼ 132 children trialed on
this consistency) on this item destabilized the model.
Univariate and multivariate analysis of factors for
pneumonia are presented in Table 2. Univariate analysis
was initially conducted looking at the association of
pneumonia with systems, and then in more detail with
specific diagnoses (Table 3). Cardiopulmonary disease
was the only system associated with increased risk of
pneumonia (OR 4.8, P¼ 0.0001), while neurological
disease/impairment and other systems had no increased
risk. Cardiopulmonary disease was not included in the
regression model due to its interaction with specific
respiratory factors such as URTI and LRTI. Other
diagnoses significantly associated with pneumonia (uni-
variate analysis) included diagnoses of asthma, Down
syndrome and history of seizures, URTI, LRTI, moist
cough, history of ventilation and oxygen supplementation,
1026 Weir et al.
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having an oxygen requirement at the time of theVFSS and
being aged older than 1 year of age (see Table 2).
A history of enteral feeding prior to, or at the time of the
VFSS was not significantly associated with pneumonia.
Therewas also no relationship between the type of enteral
feeding (e.g., orogastric, nasogastric, gastrostomy, or
transpyloric feeding) either prior to or at the time of the
VFSS and pneumonia. Seventy-nine children (53%) were
fully-oral fed,while 71 (47%)were receiving enteral feeds
via nasogastric tube (44/71, 62%) or gastrostomy tube (27/
71, 38%). Of the children receiving enteral feeding, 53
children were on a combined oral and non-oral feeding
regime (76%), while 20 children (28%) were totally non-
oral. Children had a range of medical diagnoses (Table 3),
with>50% having more than one medical diagnosis. The
median number of systems involvedwas 2 (range 0–6); 10
children had none (6.7%), 62 (41.3%) had one, 28 (18.7%)
had two, 25 (16.7%) had three, 16 (10.7%) had four, 8
(5.3%) had five and 1 child (0.7%) had six systems
affected. Increased number of systems involved was
significantly associated with pneumonia (w2¼ 21.147,
P¼ 0.002).
Using multivariate analysis, factors significantly asso-
ciated with an increased association with pneumonia
included diagnosis of asthma (OR 13.25, CI 1.482–
118.385, P¼ 0.021), Down syndrome (OR 22.10, CI
2.415–202.227, P¼ 0.006), GERD (OR 4.28, CI 1.442–
12.734, P¼ 0.009), and history of LRTI (OR 8.28, CI
1.621–42.309, P¼ 0.009), moist cough (OR 9.17, CI
1.967–42.723, P¼ 0.005) and oxygen supplementation
(OR 6.19, CI 1.602–23.918, P¼ 0.008; see Table 2).
Neurological impairment or specific diagnoses including
cerebral palsy were not significantly associated with
pneumonia in this study. While GERD was not signifi-
cantly associated with pneumonia in the univariate
analysis, it became a significant factor when included in
a multivariate analysis.
DISCUSSION
This is the first study that has examined the relationship
between OPA, swallowing dysfunction, age, medical
conditions and clinical factors, with WHO-defined
pneumonia in children with multisystem involvement. In
this retrospective review of 150 children with detailed
VFSS results, children with swallowing dysfunction
including aspiration on thin fluids or PSR on ‘any
consistency’ had an increased association with pneumo-
nia. Aspirating thicker liquid and puree consistencies did
not increase the odds ratio for pneumonia. Following
multivariate analysis, swallowing dysfunction was no
longer significant when other factors associated with
pneumonia were considered (LRTI, moist cough, ven-
tilation and oxygen supplementation and diagnosis of
asthma, Down syndrome and GERD). Increased number
of affected systems was also associated with increased
odds for pneumonia.
Our study found an association between PSR and
pneumonia not previously reported in pediatric literature
TABLE 3— Odds Ratios for Pneumonia and Type of System Involved, Including Major Diagnoses
System Diagnosis No of children Percent Odds ratio P
Neurological 106 70.7 2.2 0.087
Neurodevelopmental 87 58.0 1.8 0.132
Cerebral Palsy 38 25.3 1.3 0.553
Traumatic brain injury 14 9.3 1.2 0.770
Infectious 8 5.3 3.2 0.099
Tumor 7 4.7 0.5 0.491
Degenerative 5 3.3 2.0 0.443
Gastrointestinal 69 46.0 1.9 0.089
Gastroesophageal reflux 68 45.3 2.0 0.072
Cardiopulmonary 44 29.3 4.8 0.0001D
Other respiratory (not structural) 22 14.7 7.6 0.0001D
Cardiac 15 10.0 2.2 0.169
Chronic neonatal lung disease 12 8.0 2.3 0.175
Structural anomaly 44 29.3 1.2 0.725
Naso-oropharyngeal tract 31 20.7 1.0 0.946
Respiratory tract 18 12.0 1.5 0.416
Digestive tract 14 9.3 0.2 0.100
Metabolic disease 3 2.0 1.0 0.308
Genetic anomaly 16 10.7 1.4 0.565
Down syndrome 6 4.0 6.5 0.018*
Note: Categories were not mutually exclusive. Children may have multiple systems affected. Systems classifications were based and enlarged upon
those described by Burklow et al.29
Bold D¼ Significant P< 0.05.
Bold *¼ Significant P< 0.01.
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using VFSS studies. Children with PSR, out of the four
types of swallowing dysfunction, on any consistency had
the highest odds ratio (2.5 times), for having had
pneumonia. Link et al.33 reported a similar finding
of a significant association between pooled hypo-
pharyngeal secretions and a history of pneumonia using
fiberoptic endoscopic evaluation of swallowing with
sensory testing (FEESST). However, they did not report
on pharyngeal residue or PSR on consistencies trialed.
Langmore et al.34 found that male veterans, aged 60 years
or older, with a high residue rating on purees during VFSS
also had a significant association with pneumonia.
However, as with our study, this finding was no longer
significant following regression analysis, thus inferring
that other factors unrelated to the puree residue had the
association with pneumonia.
If current assumptions about the linear causality effect
between aspiration and pneumonia are to be believed, we
would expect a progressively stronger association with
pneumonia and aspiration on thin fluid, thickened fluid
and paste consistencies respectively. Contrary to the
findings of Taniguchi and Moyer,8 this was not the case in
our study where aspiration of thin fluids (as opposed to
nectar and puree consistencies) was the only aspirated
consistencywith a significantly increased risk (OR2.4) for
pneumonia. The contrasting findings possibly relate to
differences in study design: we used a stringent definition
of pneumonia (i.e., WHO definition), which is clearly an
infective state whereas Taniguchi and Moyer8 based their
diagnosis of pneumonia as documented in the medical
record. Thirty-eight children fit the criteria for pneumonia
in our study (25.3%), whereas Taniguchi and Moyer
reported pneumonia in 49/142 (34.5%). In our study, some
children who demonstrated some symptoms consistent
with pneumonia such as cough, tachypnea, dyspnea, and
radiographic abnormalities were not included due to not
fulfilling the WHO criteria of pneumonia. This may have
lowered our reported rate of pneumonia in this population.
Another possible differencemay relate to the frequency of
different fluid/food consistencies given. As our population
was very young, themajority were receiving thin fluid and
puree consistencies. The association between aspiration
on thin fluids and pneumoniamay be explained by the high
number of children in our study on suckle feeding and that
thin fluids are the most likely consistency to be
aspirated.27,35,36
Taniguchi and Moyer found children aged1 year had
a significantly greater risk for pneumonia. In contrast, we
found age (1 year) was not associated with increased
pneumonia. Taniguchi and Moyer8 cited reasons such as
impaired pulmonary defense mechanisms, possible unde-
tected GERD and selection bias or just due to chance to
support their findings. However, the most likely reason for
the difference is related to our strict definition of
pneumonia.
Followingmultivariate analysis, including other factors
associated with pneumonia in the presence of OPA, we
found that PSR and aspiration of thin fluidswere no longer
significantly associated with pneumonia. This suggests
that OPA may have less of a direct causality on children
than previously thought and the relative impact of
aspiration itself is less than other risk factors for
pneumonia. Langmore et al.,34 also found that, following
multivariate analysis, swallowing dysfunction such as
high residue or aspiration of fluids or purees were no
longer significantly associated with pneumonia in their
adult population. They found factors such as dependence
for oral care, number of decayed teeth, tube feeding,
dependence for feeding, number of medications, multiple
medical diagnoses and smoking were significantly
associated with pneumonia.34 While smoke exposure,
immune and nutritional status, infant feeding method,
older siblings in the family, attendance at daycare,
mobility, GERD and the presence of respiratory dis-
ease10,18,37,38 are known to be associatedwith a higher risk
of LRTIs and community acquired pneumonia in infants
and toddlers, many of these factors were unable to be
assessed in our study due to the retrospective design.
However, our findings of LRTIs,moist cough, diagnosis of
asthma and gastroesophageal reflux, and history of
oxygen supplementation continued to have a strong
relationship with pneumonia and are consistent with
previous research.8,10,18,19,37 Other significant factors
included history of ventilation and oxygen supplementa-
tion and having an oxygen requirement at the time of the
VFSS study. Where Langmore et al.34 found multiple
medical diagnoses to be significantly associated with
pneumonia, the presence of multisystem involvement was
likewise a significant factor in our population of infants
and young children.
Although much has been documented about the
predisposition of children with neurological disease for
OPA and consequent risk of pneumonia,5,8,27,35,36,39 we
did not find a relationship between neurological disease
and pneumonia following multivariate analysis. Owayed
et al.19 reported that aspiration syndrome secondary to
oropharyngeal muscular incoordination was responsible
for 48% of children (the highest number of their group)
admitted to hospital for recurrent pneumonia with nearly
half of these children having a diagnosis of cerebral palsy.
However subjects were selected based on multiple
hospital admissions with pneumonia according to hospital
discharge codes, thus having a 100% rate of pneumonia, a
broader definition of pneumonia and possibly an older,
more chronic population of children. Our population was
recruited from children attending a VFSS for feeding and
swallowing evaluation with some children never having
had pneumonia at all. Owayed et al.’s definition of
aspiration syndrome was in most cases diagnosed
clinically and based on an undefined set of indicators.
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This could also have included aspiration due to secondary
aspiration of gastric contents as well as OPA, whereas our
definition of OPAwas based onVFSS-observed aspiration
of food and/or fluid only. Thus differences in definitions of
pneumonia and aspiration and possibly the type of
material aspirated could account for the different
associations between aspiration and pneumonia found in
the two studies. However, Owayed et al. also found that
25% of their population of children with multiple hospital
admissions for pneumonia had cardiopulmonary diag-
noses (congenital heart disease, bronchial asthma and
anomalies of the respiratory system) and presumably did
not have aspiration. Thus, when looking at the real
association of OPA and pneumonia, other factors includ-
ing medical diagnoses and neurological impairment need
to be controlled for.
The retrospective nature of the study is a significant
limitation. While a standard form with definitions of key
points was used to record data from the chart review,
missing data due to lack of standardized reporting by
professionals in the medical charts is unavoidable.
Information on risk factors predisposing children to
pneumonia, such as smoke exposure and attendance
at daycare etc, could not be examined in our study design.
While we used consistent criteria for pneumonia, it is
possible that we have under-reported the true incidence of
pneumonia in these children, due to omissions or
inconsistently applied definitions of pneumonia reported
in the clinical notes by doctors of different specialties and
different levels of training. Our findings may have been
different if pneumonia was defined differently and our
findings cannot be extrapolated to non-infective episodes
of the lower respiratory tract.
Management decisions including oral feeding restric-
tions (such as no oral fluid intake) are often made
following a finding of aspiration or perceived increased
aspiration risk during VFS studies in infants and children.
These restrictions may significantly influence the child’s
and parents’ quality of life and workload. Our initial
hypothesis of children presenting with aspiration or
swallowing dysfunction on VFSS having increased risk
of infective pneumonia was not supported. Swallowing
dysfunction and OPA of different foods/fluids became
non-significant against other factors associated with
pneumonia such as history of LRTI, moist cough,
mechanical ventilation and oxygen supplementation and
diagnoses of asthma, Down syndrome and gastroesopha-
geal reflux. However, as hypothesized, children with
multisystem involvement did have an increased associated
with pneumonia.While further study is necessary to verify
these preliminary results, health care providers involved in
the care of children who aspirate during swallowing
should be cautious about making management decisions
regarding oral feeding based on single VFSS results
without taking a holistic view of each child. A prospective
study is clearly needed to clarify the relative impact of
OPA of different consistencies and other forms of
swallowing dysfunction, in the context of intrinsic and
environmental risk factors, on the development of
pneumonia and pulmonary morbidity in children.
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5.3  Update to Literature Review 
 
Since the publication of this paper “Oropharyngeal Aspiration and Pneumonia in Children”, 
there have been a few review papers written on the subject of aspiration in children,1-3 
however there have been no studies specifically investigating the link between 
oropharyngeal aspiration and pneumonia. 
 
 
5.4  Summary of Chapter 5 
 
This chapter retrospectively investigated the relationship between pneumonia and MBS 
(VFSS) identified oropharyngeal aspiration on food and fluid consistencies and other risk 
factors for pneumonia in a cohort of 150 children. Twenty-five percent of children fulfilled 
the criterial for pneumonia and 36% of children in this cohort had some form of OPA. While 
children with OPA on thin fluids and post-swallow residue on any consistency were 2.4 
and 2.5 times more likely to have pneumonia, than children who did not have these types 
of swallowing dysfunction, this association was no longer significant following regression 
analysis. Following regression analysis, medical diagnoses such as asthma (adj OR 
13.247), gastroesophageal reflux (adj OR 4.282), and Down syndrome (adj OR 22.099), 
were significantly associated with pneumonia; clinical histories of lower respiratory tract 
infections (adj OR 8.282), moist cough (adj OR 9.166) and oxygen supplementation (adj 
OR 6.190); and cardiopulmonary body system involvement (adj OR 4.8). Having an 
increased number of affected body systems was significantly associated with pneumonia. 
 
When looking at the results of this study, some may question the sensitivity of the MBS 
(VFSS) parameters to pick up an association with pneumonia. However it must 
acknowledged that the MBS (VFSS) is not a test of pneumonia, but a test to identify the 
presence of oropharyngeal aspiration and other types of swallowing dysfunction only. 
Pneumonia may or may not be a consequence or sequelae of oropharyngeal aspiration, 
and further research is required to truly identify what other factors (volume and nature of 
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aspirated material, host factors, environmental and social factors)1,4-6 must be present for 
pneumonia to be the actual outcome in children. It must also be questioned as to whether 
a diagnosis of pneumonia itself, (however loosely or stringently it is defined) is the defining 
outcome measure on which we focus, or whether other sequelae such as atelectasis, 
bronchiectasis, lobar collapse, chronic cough and recurrent lower respiratory tract 
infections are just as important and have an impact on children’s health, function and 
quality of life. This is further discussed in section 8.4.1.2. 
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6.1  Introduction 
 
This chapter is comprised of a published Cochrane review assessing the efficacy of 
restriction of oral water ingestion on the pulmonary status of children with thin fluid 
aspiration demonstrated on MBS. It addresses aim 5 of this thesis, and reviewed all 
randomized controlled trials comparing restriction of oral intake of water with unlimited oral 
water ingestion in children with thin fluid OPA confirmed by MBS.  
 
The following article is reproduced with permission of John Wiley & Sons, Inc. 
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A B S T R A C T
Background
Primary aspiration of food and fluid is commonly seen in children with feeding and swallowing difficulties associated with a range of
diseases and complex medical conditions. Respiratory sequelae and pneumonia are known to be associated with primary aspiration of
ingested material, however causality between primary aspiration of specific food and fluid types and pulmonary effects in children is
yet to be established in controlled trials. The relative pulmonary morbidity of aspiration of ingested food and fluid materials versus
other causes of respiratory disease such as viral and bacterial causes, secondary aspiration of gastrointestinal contents and predisposing
lung conditions such as chronic neonatal lung disease in a developing immune system is also unclear. Current management decisions
for children who aspirate have to optimise oral nutrition and hydration, while reducing the risk of aspiration to preserve pulmonary
integrity. This generally includes restricting aspirated food or fluids and providing texture-modified diets and thickened fluids. Young
children frequently refuse thickened fluids providing a management dilemma for both families and health professionals.
Objectives
Our objective was to evaluate the efficacy of restriction of oral water ingestion on the pulmonary status of children with thin fluid
aspiration demonstrated on a modified barium swallow study.
Search methods
The Cochrane Central Register of Controlled Trials (CENTRAL), the Cochrane Airways Collaborative Review Group Specialised
Register,MEDLINE,EMBASE andCINAHLdatabaseswere searchedby theCochraneAirwaysGroup.The latest searchwas performed
in May 2102.
Selection criteria
All randomised controlled trials comparing restriction of oral intake of water with unlimited oral water ingestion were eligible to be
included.
Data collection and analysis
Results of searches were reviewed against a pre-determined criteria for inclusion. No eligible trials were identified for a paediatric
population and thus no data were available for analysis. One trial in an adult population was identified and reported.
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Main results
No randomised controlled trials examining the efficacy of restriction of oral intake of water in the management of children with thin
fluid aspiration were found. In a single study in an adult population with stroke, no significant differences were seen between a control
group of oral water restriction and the experimental group of unlimited oral water ingestion on outcomes such as pneumonia, total
oral fluid intake and dehydration.
Authors’ conclusions
There are no trials that have adequately evaluated the pulmonary effects of allowing or restricting oral water ingestion in children known
to have primary aspiration of thin fluids. Thus, there is currently an absence of evidence to support a strict approach of full restriction
of oral intake of water or support a more liberal approach of allowing oral water ingestion in children with primary aspiration of thin
fluids.
P L A I N L A N G U A G E S U M M A R Y
Restriction of oral intake of water for aspiration lung disease in children
Primary aspiration of food and fluid can cause serious lung consequences in infants and children. Treatment recommendations for
children who have primary aspiration of thin fluids includes restriction of thin fluids and provision of thickened fluids. Children often
refuse to drink thickened fluids presenting a challenge for families to ensure that the child takes sufficient fluid. Allowing children who
have thin fluid aspiration to drink water may assist in providing enough fluid without endangering the lung . This review found no
evidence about drinking water in children with primary aspiration of thin fluids.
B A C K G R O U N D
One of the most significant complications of dysphagia or feed-
ing difficulty is aspiration, which is defined as entry of material
into the airway below the level of the true vocal folds (Logemann
1983). Primary aspiration is commonly seen in infants and chil-
drenwith feeding and swallowing problems associated with neuro-
logical disease, anatomical anomalies and other aetiologies (Weiss
1988; Arvedson 1994; Colombo 1999). Short term manifesta-
tions of pulmonary aspiration are cough, wheeze, increased num-
ber and prolonged respiratory infections and atelectasis (Colombo
1999; Loughlin 1994). Cough is a common symptom of the above
conditions. Long term consequences of pulmonary aspiration in-
clude bronchiectasis, bronchiolitis obliterans and follicular bron-
chiolitis, respiratory distress, airway obstruction, acute or recur-
rent pneumonia, frequent or long-lasting upper respiratory infec-
tions and chronic lung disease (Loughlin 1989; Loughlin 1994;
Arvedson 1998; Colombo 1999). Weiss suggested that although
aspiration is an important complication in a patient of any age,
it may assume particular importance in the developing infant or
child with dysphagia (Weiss 1988). He proposed that infants and
children may lack some of the compensatory mechanisms that
enable adults to protect the airway, thus making early detection
and prevention of aspiration essential in order to avoid severe and
possibly irreversible pulmonary morbidity.
Dysphagia may also cause other complications such as failure
to maintain an adequate nutritional intake and hydration. A
Cochrane review of treatment for dysphagia in chronic muscle
disease investigated the effect of various interventions on a pri-
mary outcome of nutritional issues including stabilisation of pre-
viously documented weight loss (Hill 2004). The reviewers found
no RCTs and concluded that “It is therefore not possible to decide
on the most appropriate treatment for a given individual based on
current evidence”. Our review focuses primarily on aspiration and
respiratory outcomes.
Currently, there is no gold standard outcome measure for the as-
sessment of primary aspiration. A range of instrumental proce-
dures are available to evaluate the occurrence of primary aspiration.
These techniques include the fibreoptic endoscopic evaluation
of swallowing (FEES), radionuclide salivagram, nuclear scintigra-
phy, bronchoscopy and use of the lipid laden macrophage index,
static radiographs, upper gastrointestinal studies and the modi-
fied barium swallow study (MBS) (Sonies 1991; Bar-Sever 1995;
Leder 1998; Bauer 1999; Hartnick 2000; Leder 2000; Ding 2002;
2Restriction of oral intake of water for aspiration lung disease in children (Review)
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Tohara 2003). Inflammatory changes consistent with neutrophilic
inflammation and lipid laden macrophage index are sometimes
used as supportive markers of aspiration, but neither marker is
specific for aspiration (Bauer 1999; Ding 2002). However, the
modified barium swallow study (MBS) is currently the most fre-
quently used tool to detect primary aspiration during feeding in
paediatrics (Sonies 1991; O’Donoghue 1999; Miller 2003).
Current practice following detection of aspiration on any consis-
tency during an MBS is to implement swallowing strategies or in-
direct intervention techniques such as alterations in postural vari-
ations and food characteristics such as temperature, viscosity, and
texture (Newman 2000; Arvedson 1997;Seddon 2003). Fluid con-
sistencies are themost commonly aspiratedmaterial in people with
swallowing dysfunction (Arvedson 1994; Rogers 1994; Taniguchi
1994; Morton 1999; Friedman 2000; Lefton-Greif 2000). In the
case of thin fluids, texture restriction may entail eliminating the
thin fluids from a person’s diet and allowing thickened fluids to be
orally consumed (Logemann 1983; Newman 2000). Alternative
methods of nutrition such as nasogastric or gastrostomy tubes may
be necessary to provide hydrationneeds (Arvedson 1997;Newman
2000). While existing evidence suggests a strong association be-
tween aspiration of thick fluid and solid textures with pneumonia
(Taniguchi 1994), little evidence exists to prove or disprove a re-
lationship between aspiration of thin liquids, and particularly wa-
ter, with the development of pneumonia (Taniguchi 1994; Garon
1997). The pathophysiology resulting from aspiration depends
on several factors including the presence of particulate matter, a
relatively low pH (<2.5), bacterial contamination from the oral
or gastrointestinal tracts and volume of gastric aspirate (> 0.3 ml
per kilogram of body weight (20-25 ml in adults) (Nahum 1981;
Kirsch 1988). Water has a neutral pH of approximately 7, with
Australian drinkingwater requirements recommending a pHvalue
between 6.5 - 8.5 (NHMRC 1996). Small amounts of aspiration
of this liquid with a relatively neutral pH should have little pul-
monary or health effects if the current literature is to be believed.
In current medical practice, some children who are known to as-
pirate on thin fluids have full restriction of thin fluids orally, while
others are allowed to ingest water orally. There is no research at
present that systematically investigates the health effects of water
ingestion in children who are know to aspirate thin fluids. Garon
and colleagues investigated the development of pneumonia in two
groups of adult stroke patients with thin fluid aspiration docu-
mented onMBS (Garon 1997). They found that patients allowed
unlimited water ingestion did not have increased pulmonary com-
plications compared to those on thickened fluids and full thin
fluid restriction (Garon 1997). Furthermore, the group allowed
unrestricted water ingestion reported higher satisfaction rates on
quality of life measures (Garon 1997). The results of studies by
Garon and colleagues andTaniguchi andMoyer have thrown open
the debate on the relative effects of ingesting water and possible
aspiration on the health and well-being of young children (Garon
1997; Taniguchi 1994). Relative benefits to the quality of life of
swallowing impaired children and their families and associated
health benefits in providing adequate hydration and negating the
need for tubes may far outweigh the relative risks of the primary
aspiration itself. Hence, there is a need for systematic evaluation of
the effects of water ingestion in children who aspirate thin fluids
in terms of pulmonary health and quality of life.
O B J E C T I V E S
To evaluate the efficacy of restriction of oral water ingestion on
pulmonary status of children with aspiration demonstrated on a
modified barium swallow.
M E T H O D S
Criteria for considering studies for this review
Types of studies
All randomised controlled trials of water restriction in children
with documented aspiration on fluids would be included in the
review.
Types of participants
Participants included children aged < 14 years whose modified
barium swallow had shown aspiration of thin fluids. There were
no exclusion criteria.
Types of interventions
Interventions included all randomised controlled comparisons of
oral water restriction. Trials that included the use of other medi-
cations or interventions were to be included if all participants had
equal access to such medications or interventions.
Types of outcome measures
It was planned to obtain data on at least one of the following
outcome measures:
Primary outcome:
a) proportions of participants who were not cured or not substan-
tially improved at follow up (clinical failure).
Secondary outcomes:
b) proportions of participants who were not cured at follow up,
c) proportions of participantswhowere not substantially improved
at follow up,
3Restriction of oral intake of water for aspiration lung disease in children (Review)
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d) mean difference in the number of respiratory episodes (defined
by diary cards or acute respiratory illness score)
e) proportions requiring hospitalization for respiratory illness
f ) mean difference in symptoms and signs (mean improvement in
clinical state)
g) proportions developing new respiratory complications such
as bronchiectasis, bronchiolitis obliterans, follicular bronchiolitis
etc,
h) proportions experiencing adverse effects of the intervention
(e.g.. dehydration, gastrostomy button complications etc),
i) proportions requiring new intervention for management of as-
piration e.g.. requirement for gastrostomy, diversion surgery, etc.
The proportions of participants who failed to improve on treat-
ment and themean clinical improvementwere to be determinedby
using the following hierarchy of assessment measures (i.e.. where
two or more assessment measures were reported in the same study,
the outcome measure that was listed first in the hierarchy was to
be used).
i) Objective measurements of cough indices (cough frequency).
ii) Symptomatic (Quality of life, Likert scale, visual analogue scale,
level of interference of respiratory symptoms such as cough, cough
diary) - assessed by child
iii) Symptomatic (Quality of life, Likert scale, visual analogue scale,
level of interference of respiratory symptoms such as cough, cough
diary) - assessed by the parents/carers.
iv) Symptomatic (Likert scale, visual analogue scale, level of in-
terference of respiratory symptoms such as cough, cough diary) -
assessed by clinicians.
v) Radiological assessment of chest (High resolution computed
tomography and chest Xray)
vi) Relevant airway markers consistent with neutrophilic inflam-
mation or surrogate markers of aspiration such as lipid laden
macrophage index.
Search methods for identification of studies
The following topic search strategy was used to identify relevant
randomised controlled trials from the listed electronic databases:
(“aspiration” OR “aspirate” OR “silent aspiration” OR “dyspha-
gia” OR “feeding difficulties” OR “swallowing difficulties” OR
“swallow abnormalities” OR “swallow dysfunction” OR “degluti-
tion” OR “deglutition disorders” OR “oropharyngeal” OR “bar-
ium meal” OR “swallow evaluation” OR “videofluoroscopy” OR
“modified barium swallow”, all as (textword) or (MeSH) )
AND
(“water” or “fluid” or “liquid” or “drink”; all as (textword) or
(MeSH))
AND
(“child” OR “children” OR “infant” as (textword) or (MeSH))
For the full searches see Appendix 1.
Trials were identified from the following sources:
1. The Cochrane Controlled Trials Register (CENTRAL)
which includes the Airways Collaborative Review Group
Specialised Trials Register.
2. MEDLINE (1966-present). Topic search strategy
combined with the Medline randomised controlled trial search
filter as outlined in the Airways Group module.
3. OLDMEDLINE (1951-1965). Topic search strategy
combined with the Medline randomised controlled trial search
filter as outlined in the Airways Group module.
4. EMBASE (1980-present). Topic search strategy combined
with the Embase randomised controlled trial search filter as
outlined in the Airways Group module.
5. CINAHL (R) (1982-present).
6. The list of references in relevant publications.
7. Written communication with the authors of trials was
included in the review when necessary.
Data collection and analysis
Retrieval of studies
Two reviewers (KW,AC) independently reviewed the title, abstract
and descriptions of studies retrieved in the literature searches to
identify potentially relevant trials for full review. Searches of bibli-
ographies and texts were conducted to identify additional studies.
The same two reviewers independently selected trials for inclusion
from the full text using specific criteria. Agreement was to be mea-
sured using Kappa statistics. Disagreement was to be resolved by
consensus or third party adjudication (SM).
Assessment of Quality
Studies included in the review were to undergo quality assessment
performed independently by all reviewers. Four components of
quality would have been assessed:
1. Allocation concealment. Trials will be scored as: Grade A:
Adequate concealment, Grade B: Unclear, Grade C: Clearly
inadequate concealment (Grade A = high quality).
2. Blinding. Trials will be scored as: Grade A: Participant and
care provider and outcome assessor blinded, Grade B: Outcome
assessor blinded, Grade C: Unclear, Grade D: No blinding of
outcome assessor (Grade A, B = high quality).
3. Reporting of participants by allocation group. Trials will be
scored as: Grade A: The progress of all randomised children in
each group described, Grade B: Unclear or no mention of
withdrawals or dropouts, Grade C: The progress of all
randomised children in each group clearly not described (Grade
A = high quality).
4. Follow-up. Trials will be scored as: Grade A: Outcomes
measured in >90% (where withdrawals due to complications and
side-effects are categorised as treatment failures), Grade B:
Outcomes measured in 80 to 90%, Grade C: Unclear, Grade D:
Outcomes measured in <80% (Grade A = high quality).
While only the allocation concealment quality would have been
displayed in the meta-analysis figures, all assessments would have
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been included in the “Characteristics of included studies” table. In-
ter-reviewer reliability for the identification of high quality studies
for each component were to be measured using the Kappa statistic.
Each study would have been assessed using a one to five scale
described by Jadad (Jadad 1996) and summarised as follows:
Was the study described as randomised? (1= yes; 0 = no)
Was the study described as double blind? (1= yes; 0 = no)
Was there a description of withdrawals and dropouts? (1= yes; 0 =
no)
Was the method of randomisation clearly described and appropri-
ate? (1= yes; 0 = no)
Was the method of double blinding well described and appropri-
ate? (1= yes; 0 = no)
Data Extraction
Trials that satisfied the inclusion criteria were to be reviewed and
the following information recorded: study setting, year of study,
source of funding, patient recruitment details (including number
of eligible children), inclusion and exclusion criteria, randomisa-
tion and allocation concealment method, numbers of participants
randomised, blinding (masking) of participants, care providers and
outcome assessors, intervention (duration and quantification of
water restriction), control (types and methods of dietary manip-
ulation), co-morbidities (all medical problems with particular at-
tention to neurological problems and genetic syndromes), existing
respiratory problems (asthma, bronchiectasis, cystic fibrosis), co-
interventions, numbers of patients not followed up, reasons for
withdrawals from study protocol (clinical, side-effects, refusal and
other), details on side-effects of therapy, and whether intention-
to-treat analyses were possible. Data would have been extracted
on the outcomes described previously. Further information was to
be requested from the authors where required.
Data Analysis
For the dichotomous outcome variables of each individual study,
relative and absolute risk reductions were to be calculated using
a modified intention-to-treat analysis. This analysis assumes that
children not available for outcome assessment have not improved
(and probably represents a conservative estimate of effect). An ini-
tial qualitative comparison of all the individually analysed studies
was to have examined whether pooling of results (meta-analysis)
is reasonable. This takes into account differences in study popula-
tions, inclusion/exclusion criteria, interventions, outcome assess-
ment and estimated effect size.
The results from studies that met the inclusion criteria and re-
ported any of the outcomes of interest would have been included
in the subsequent meta-analysis. The summary weighted risk ratio
and95%confidence interval (fixed effectsmodel)would have been
calculated using the inverse of the variance of each study result for
weighting (Cochrane statistical package, RevMan 4.2). Numbers
needed to treat (NNT) were to be calculated from the pooled OR
and its 95% CI applied to a specified baseline risk using an on-
line calculator (Visual Rx at www.nntonline.net). This calculator
converts the risk in the placebo group to the corresponding odds,
applies the OR to estimate the odds in the treated group, and con-
verts that odds to the corresponding risk and calculates the risk
difference, the inverse of which is the NNT. The outcome indices
would have been assumed to be normally distributed continuous
variables so the mean difference in outcomes could have been es-
timated (weighted mean difference). If studies reported outcomes
using different measurement scales, the standardised mean differ-
ence would have been estimated. In cross-over trials, if data was
combined with parallel studies only data from the first arm would
have been used (Elbourne 2002). In addition, for pooled cross-
over studies, mean treatment differences would have been calcu-
lated from raw data, extracted or imputed and entered as fixed
effects generic inverse variance (GIV) outcome to give weighted
SD unit difference and 95% confidence intervals (RevMan 4.2).
Heterogeneity between the study results would have been tested
to see if it reached statistical significance using a chi-squared test.
The 95% confidence interval estimated using a random effects
model would have been included whenever there were concerns
about statistical heterogeneity.
SUBGROUP ANALYSIS:
An a priori subgroup analysis was planned for
1. Age: infants (<12 months) or children (aged 1-14 years)
2. Complete versus partial water restriction
3. Presence of established lung disease (such as cystic fibrosis,
bronchiectasis, immunodeficiency, chronic neonatal lung disease,
asthma) and gastro-esophogeal reflux disease
4. Medical comorbidity (primary neurological problem versus
others)
5. Method of primary nutrition intake (oral or non-oral: i.e.
nasogastric tube, gastrostomy)
Sensitivity analyses was planned to assess the impact of the poten-
tially important factors on the overall outcomes:
a) study quality;
b) study size;
c) variation in the inclusion criteria;
d) differences in other medications used in the intervention and
comparison groups;
e) differences in outcome measures;
f ) analysis using random effects model;
g) analysis by ’treatment received’;
h) analysis by ’intention-to-treat’; and
i) analysis by study design-parallel and cross over studies.
R E S U L T S
Description of studies
See: Characteristics of excluded studies.
The original searches in 2005 identified 3 potential studies but
none fulfilled the study eligibility criteria. Subsequent searches to
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date (January 2011) revealed no relevant studies. The 2011 search
identified 182 references. See Appendix 2 for the search history.
Risk of bias in included studies
Not applicable.
Effects of interventions
The initial Airways Group Specialised Register/search identified
1364potentially relevant titles. After assessing the abstracts, 3 stud-
ies were considered for inclusion into review but none fulfilled the
study eligibility criteria. Non controlled studies are summarised in
the excluded table. A single RCT was identified in an adult popu-
lation (Garon 1997) who had sustained their first stroke, had good
cognitive skills and could follow a rinsing protocol. This study
found no difference in the occurrence of pneumonia, dehydration
or total fluid intake between a group of adult patients who were
allowed unlimited ingestion of oral water and a group on full re-
striction of thin fluids.
D I S C U S S I O N
No randomised controlled trials on the effects of restriction or al-
lowing orally ingested water in persons with known primary aspi-
ration of fluids in a paediatric population were found. The adult
study on stroke patients suggested that free ingestion of water did
not increase pneumonia events (Garon 1997). However these re-
sults should not be extrapolated to a paediatric population for
several reasons. An adult population with stroke is very different
from infants and young children who may have either acquired
or congenital aetiologies and may have multiple body systems af-
fected. The effects of dysphagia in children are often chronic due
to the complexities of developing (maturing) oral-motor compe-
tence and feeding milestones using impaired body systems, which
may include neurodevelopmental, structural, gastrointestinal and
respiratory compromise, in the context of maturing cognition and
behaviour in children.
Primary aspiration of food and fluid textures is commonly seen in
children with feeding and swallowing difficulties associated with
a range of diseases and complex medical conditions. Respiratory
sequelae and pneumonia are known to be associated with primary
aspiration of ingested material. However causality between pri-
mary aspiration of specific food and fluid textures and pulmonary
effects in children is yet to be established in controlled trials. Cass
and colleagues comment that determination of an intervention
for children with suspected primary aspiration of food or fluids
requires a three step approach that includes establishing whether
aspiration is occurring, quantifying that aspiration and predicting
the long term impact on lung function (Cass 2005). Restriction
of oral ingestion of aspirated food and fluid textures and, in the
case of fluids, prescribing thickened fluids, are commonly recom-
mended when treating children with feeding and swallowing dif-
ficulties (Alper 1996, Logemann 1983). Indeed, current standard
practice in most centres for children with MBS documented evi-
dence of fluid aspiration includes the total restriction of all fluids
including water. This review has found an absence of evidence for
total restriction of water, an intervention that significantly impacts
on amount of extra work on carers (thickening all fluids including
water) as well as hydration status of the child.
While recurrent primary aspiration of food and fluid textures is
commonly believed to lead to “serious and sometimes irreversible
pulmonary damage” in infants and young children (Weiss 1988),
there is no good data on the direct relationship between severity of
aspiration and lung disease. Nevertheless, it is often assumed that
a linear relationship exists between the severity of oropharyngeal
aspiration and the development respiratory compromise or dis-
ease (Cass 2005; Seddon 2003). Taniguchi and Moyer described
(using a case control study) that abnormal MBS is a risk factor for
pneumonia in children (Taniguchi 1994).However, some children
with clinically similar degrees of oropharyngeal aspiration can have
quite different pulmonary responses with some children showing
no apparent effects while others experience severe acute or chronic
complications (Cass 2005). Also, defining pneumonia caused by
aspiration is difficult to prove or disapprove, especially in the con-
text of a child with chronic CXR changes and the known increased
frequency of respiratory infections in children compared to adults
(Leder 2003). The increased frequency of respiratory infections
is likely related to the relative immaturity of the respiratory and
immunological systems of infants and young children. Presence or
co-existence of non aspiration related respiratory infections may
either mask or alter respiratory responses to primary aspiration of
water or other food or fluid substances in this age group. Thus the
relative pulmonary morbidity of aspiration of ingested food and
fluid materials versus other causes of respiratory disease such as
viral and bacterial causes, secondary aspiration of gastrointestinal
contents and predisposing lung conditions such as chronic neona-
tal lung disease in a developing immune system is unclear and
needs to be considered in cohort and controlled studies.
A U T H O R S ’ C O N C L U S I O N S
Implications for practice
Given the lack of evidence, it is not possible to either recommend
total restriction or liberalisation of oral water ingestion to ’protect’
the pulmonary status of childrenwith thin fluid aspiration demon-
strated on a modified barium swallow study. Clinicians should be
cognisant that water (with a neutral pH) significantly differs from
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other fluids and this review did not examine the effect of non-
water fluids.
Implications for research
Randomised controlled trials to determine the effects of restricting
or allowing oral intake of water in children with thin fluid aspi-
ration are needed to provide evidence-based guidelines for treat-
ing children with oropharyngeal aspiration. The trial(s) should in-
clude data on the relative impact of type and severity of oropharyn-
geal aspiration on the development of aspiration lung disease and
respiratory morbidity. Data on likely confounders and other clini-
cally useful outcomes should also be collected. These include mo-
bility, nutritional status, oral hygiene, co-morbidities (e.g. gastroe-
sophageal reflux, neurological impairment and structural anoma-
lies) and exposure to community-based respiratory disease. Such
data would provide valuable information on the relative impact of
oropharyngeal aspiration in the context of other determinants of
respiratory disease in children.
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C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of excluded studies [ordered by study ID]
Study Reason for exclusion
Garon 1997 Randomised controlled trial in an adult stroke population.
Sheikh 2001 No control group. No intervention trial was included.
Taniguchi 1994 A case-control study design. No intervention trial was included
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D A T A A N D A N A L Y S E S
This review has no analyses.
A P P E N D I C E S
Appendix 1. Search strategies
MEDLINE EMBASE CINAHL
1. exp Deglutition Disorders/
2. exp Deglutition/
3. exp Pneumonia, Aspiration/
4. Oropharynx/
5. Barium Sulfate/
6. exp Fluoroscopy/
7. aspirat$.mp.
8. (silent adj5 aspirat$).mp.
9. dysphagi$.mp.
10. deglutition$.mp.
11. oropharyngeal$.mp.
12. (barium adj5 meal).mp.
13. (modified adj3 barium adj3 swallow).
mp.
14. videofluoroscop$.mp.
15. ((feed$ or swallow$) adj8 (difficult$ or
dysfunct$ or abnormal$ or assessment$ or
evaluat$)).mp.
16. or/1-15
17. exp PEDIATRICS/ or exp CHILD/ or
exp INFANT/ or exp ADOLESCENT/
18. (child or children or paediat$ or pediat$
or adolesc$ or infant$ or toddler$ or baby
or babies or young$ or preschool$ or “pre
school$” or pre-school$ or newborn$ or
“new born$” or new-born$ or neo-nat$ or
neonat$).mp.
19. 17 or 18
20. 16 and 19
21. Drinking/
22. (water$ or fluid$ or liquid$ or drink$)
.mp.
23. Water Deprivation/
24. or/21-23
25. 20 and 24
1. exp Aspiration Pneumonia/
2. exp swallowing/
3. Dysphagia/
4. exp aspiration/
5. Feeding Disorder/
6. exp barium meal/
7. exp fluoroscopy/
8. aspirat$.mp.
9. (silent adj5 aspirat$).mp.
10. (dysphagi$ or deglutition$).mp.
11. oropharyngeal$.mp.
12. (barium adj5 meal).mp.
13. (modified adj3 barium adj3 swallow).
mp.
14. videofluoroscop$.mp.
15. ((feed$ or swallow$) adj8 (difficult$ or
dysfunct$ or abnormal$ or assessment$ or
evaluat$)).mp.
16. or/1-15
17. exp drinking/
18. exp water deprivation/
19. exp fluid intake/
20. (water$ or fluid$ or liquid$ or drink$)
.mp.
21. or/17-20
22. 16 and 21
23. exp PEDIATRICS/ or exp CHILD/ or
exp INFANT/ or exp ADOLESCENT/
24. (child or children or paediat$ or pediat$
or adolesc$ or infant$ or toddler$ or baby
or babies or young$ or preschool$ or “pre
school$” or pre-school$ or newborn$ or
“new born$” or new-born$ or neo-nat$ or
neonat$).tw.
25. 23 or 24
26. 25 and 22
1. exp Deglutition Disorders/
2. exp Deglutition/
3. exp Pneumonia, Aspiration/
4. Barium Sulfate/
5. exp Fluoroscopy/
6. aspirat$.mp.
7. (silent adj5 aspirat$).mp.
8. dysphagi$.mp.
9. deglutition$.mp.
10. oropharyngeal$.mp.
11. (barium adj5 meal).mp.
12. (modified adj3 barium adj3 swallow).
mp.
13. videofluoroscop$.mp.
14. ((feed$ or swallow$) adj8 (difficult$ or
dysfunct$ or abnormal$ or assessment$ or
evaluat$)).mp.
15. exp PEDIATRICS/ or exp CHILD/ or
exp INFANT/ or exp ADOLESCENT/
16. (child or children or paediat$ or pediat$
or adolesc$ or infant$ or toddler$ or baby
or babies or young$ or preschool$ or “pre
school$” or pre-school$ or newborn$ or
“new born$” or new-born$ or neo-nat$ or
neonat$).mp.
17. 15 or 16
18. (water$ or fluid$ or liquid$ or drink$)
.mp.
19. exp Water/
20. exp Fluid Intake/
21. or/18-20
22. or/1-14
23. 21 and 22
24. 23 and 17
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Appendix 2. Search history
Search dates No. references retrieved (all sources)
2005 1364
2006-2008 567
2009-2011 451
Total 2382
WH A T ’ S N E W
Last assessed as up-to-date: 24 May 2012.
Date Event Description
24 May 2012 New search has been performed New literature search run, no new eligible studies found.
There have been no new studies published on this topic in
the past ten years and therefore we have moved this topic
to a longer search cycle. We plan to update the literature
search in Feb 2017. If you are aware of the publication of
any potentially eligible trials in the interim period, please
let us know using the “submit comments” button for this
review on The Cochrane Library
24 May 2012 New citation required but conclusions have not changed New literature search run
H I S T O R Y
Protocol first published: Issue 2, 2005
Review first published: Issue 4, 2005
Date Event Description
28 January 2011 New search has been performed Literature search run. No new included studies identi-
fied.
9 September 2008 Amended Converted to new review format.
11Restriction of oral intake of water for aspiration lung disease in children (Review)
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
141
(Continued)
29 January 2008 New search has been performed Literature search run; no new studies identified
1 August 2005 New citation required and conclusions have changed Substantive amendment
C O N T R I B U T I O N S O F A U T H O R S
KW and AC wrote the primary protocol based on previous protocols involving cough as an outcome measure. For the review, KW and
AC extracted suitable abstracts on the search conducted by Liz Arnold of the Cochrane Airways Group. Analysis and data extraction
was primarily performed by KW with guidance by AC and SM. All authors contributed to writing the review.
D E C L A R A T I O N S O F I N T E R E S T
The authors are currently involved in a RCT examining the effect of restricted vs liberalisation of oral water on the pulmonary status
of children with dysphagia.
S O U R C E S O F S U P P O R T
Internal sources
• Royal Children’s Hospital Foundation, Brisbane, Australia.
External sources
• No sources of support supplied
I N D E X T E R M S
Medical Subject Headings (MeSH)
Drinking Water [∗administration & dosage]; Pneumonia, Aspiration [∗prevention & control]
MeSH check words
Child; Child, Preschool; Humans; Infant
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6.3  Update to Literature Review 
 
Since the original review, which also described an RCT in adults by Garon and 
colleagues,1 three adult studies have been published including two prospective RCTs 
(n=76 adults including cerebro-vascular accident (CVA), degenerative disease, cancer and 
motor vehicle accident)2; (n=15 adults post-CVA)3 and one retrospective matched cohort 
study (n=58, CVA, spinal injury and traumatic brain injury).4  All studies have recorded that 
adults allowed oral water ingestion had increased fluid intake overall (including thickened 
fluids and water), and increased perceived quality of life. However, the largest prospective 
RCT by Kargiannis and colleagues2 reported adverse lung related conditions in 14.3% of 
the intervention (water protocol) group including aspiration pneumonia (7.1%) and 
quadrant bibasal crepitations (indicative of pneumonia, but not confirmed) in 7.1%. Six 
patients in the intervention group demonstrated increased core body temperature 
(temperature spikes, measured 3 times daily) within 2-3 days of commencing the water 
protocol, which also corresponded to the time of diagnosis of the first signs of respiratory 
symptoms by physicians evaluating their chest status. The rise in temperature subsided 
with the administration of antibiotics. These authors also found an increases risk of lung 
complications in adults with degenerative neurological dysfunction and immobility. They 
recommended that adults who were sub-acute patients with good mobility should have a 
choice of the inclusion of oral water (additional to thickened fluids) after being well 
informed of the risk.  
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6.4  Summary of Chapter 6 
 
This chapter consisted of a Cochrane review assessing the efficacy of restriction of oral 
water ingestion on the pulmonary status of children with thin fluid aspiration demonstrated 
on MBS. It reviewed all randomized controlled trials comparing restriction of oral intake of 
water with unlimited oral water ingestion in children with thin fluid OPA confirmed by MBS. 
No eligible studies in a paediatric population were identified and thus, there is an absence 
of evidence to support a strict approach to either restrict or support oral water ingestion in 
children with thin fluid OPA. The original Cochrane review on this topic was published in 
2005 and reprinted in 2012 with no new paediatric studies.  
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Treatment recommendations following 
modified barium swallow studies in children.  
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7.1  Introduction  
 
This chapter presents a study entitled “Treatment Recommendations For Pharyngeal 
Phase Swallowing Dysfunction Following Modified Barium Swallow Studies in 
Children” and addresses aim 6: To examine in depth, the types of feeding/swallowing 
management recommendations given to families, following radiological evidence (via 
MBS/MBS) of OPA and other swallowing dysfunction. It prospectively investigated 
the treatment recommendations based on radiographic findings of OPA and 
pharyngeal phase dysphagia in a heterogeneous cohort of 150 children who 
underwent a modified barium swallow study.  
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7.2  Manuscript 
 
Treatment Recommendations For Pharyngeal Phase Swallowing 
Dysfunction Following Modified Swallow Studies In Children. 
 
7.2.1  Abstract 
Although the modified barium swallow study (MBS) is increasingly used in the 
evaluation of infants and children with feeding and swallowing difficulty, little 
information exists regarding treatment recommendations for children made following 
MBS. The aims of this prospective study of 150 children were to (1) document 
feeding and swallowing recommendations for infants and children following MBS 
evaluations using a specific checklist, and (2) determine which specific 
recommendations were associated with MBS documentation of five types of 
pharyngeal phase dysfunction including delayed swallow reflex (DSR), 
nasopharyngeal reflux (NPR), isolated laryngeal penetration (ILP), oropharyngeal 
aspiration (OPA) and post-swallow residue (PSR). Recommendations most 
commonly prescribed included method/route of feeding, food/fluid consistencies 
allowed at home and during therapy in the clinic, sensory enhancements, specific 
feeding equipment, pacing and non-nutritive oral sensorimotor programs.  
Recommendations for swallowing dysfunction associated with nasal or tracheal 
airway compromise, NPR and OPA, and moderate-severe PSR included non-oral 
feeding, non-nutritive oral sensorimotor programs and parent training in oral 
cares/hygiene. Recommendations significantly associated with DSR or ILP included 
full oral feeding with modifications including thickening fluids, positioning changes, 
bottles allowing self-pacing and sensory enhancements. Future investigation is 
needed regarding pulmonary and health benefits of recommendations following MBS 
in children. 
 
Key words: Oropharyngeal aspiration, Modified Barium Swallow Study, Modified 
barium Swallow Study, Deglutition, Treatment, Recommendations 
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7.2.2  Background  
The Modified Barium Swallow Study (MBS) is an increasingly utilized instrumental 
tool to assess feeding and swallowing disorders and oropharyngeal aspiration (OPA) 
in children. It has become an integral part of the assessment process to complement 
information gained during the clinical feeding evaluation (CFE) in determining 
diagnoses and treatment recommendations.  Recommendations are generally given 
in the context of a number of goals including: 1) achieving safe, efficient oral intake; 
2) achieving daily nutritional and hydration needs; 3) eliminating or minimizing 
aspiration risk; 4) improving oral sensorimotor function, and 5) establishing a realistic 
feeding program taking into account the child’s behavior and the capabilities of the 
care-giver.1-5 A range of recommendations following MBS include environmental 
manipulation such as feeding in a distraction-free environment, changes in feeding 
schedule, changes in the route of nutrition and hydration; compensatory strategies 
such as positioning and postural changes (e.g., body positioning, chin tuck, etc), 
alterations in the characteristics of a bolus (e.g., size, shape, texture, temperature, 
taste), types of utensils used, and pacing during mealtimes. Direct therapy 
techniques to change swallow physiology such as oral sensory stimulation and 
swallow maneuvers; and indirect therapy strategies to improve neuromuscular control 
without food/fluids and, or non-nutritive oral sensorimotor programs may also be 
recommended.5-7   
 
However, while a comprehensive range of possible feeding recommendations 
following CFE and MBS have been described in the paediatric texts and review 
articles, 5,7-9 little objective data are known about which types of recommendations 
are prescribed in response to specific radiographic signs of swallowing dysfunction 
observed during the MBS. The bulk of paediatric literature utilizing MBS focuses on 
radiographic representation of developmental patterns and maturation10-12 and 
aetiology-specific swallowing patterns.3,13-19  While this information is useful, many 
factors impact on the expression of dysfunction (e.g. age, aetiology, severity of 
disease and/or motor impairment, health status, co-morbidities), and 
recommendations are usually made in response to the type and severity of 
swallowing dysfunction observed in the MBS. Hence, children with the same 
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diagnosis (e.g. cerebral palsy), may have very different recommendations depending 
upon their MBS results.  
 
Limited studies have addressed the issue of recommendations in terms of 
determining a safe method of intake (including oral and non-oral routes) 20,21 the 
range of textures allowed orally 18,20,21 changes in rate of oral feedings (pacing)18 and 
appropriate positioning for feeding. 20 However, recommendations were not clearly 
linked to specific radiographic findings. Zerilli et al’s retrospective study of 33 
children, reported feeding recommendations based on a CFE changed for 42% of 
children (14/33) following the MBS21 and highlighted the limitations of the CFE in 
detecting aspiration with subsequent recommendations of inappropriate feeding 
regimens. Rogers et al18 described that in 74% (n=67) of 90 children with cerebral 
palsy, recommendations for either food texture (41/90, 46%) or rate of oral feeding 
(34/90, 39%) were suggested following MBS. Using MBS, two studies prospectively 
described optimal positioning for feeding (upright positioning, reclined position, head 
flexion, etc) in groups of 10 and 14 children with severe disabilities.16,20 While the 
majority of these studies had small participant numbers or were retrospective, none 
have systematically determined whether recommendations for other types of 
interventions were necessary or related their recommendations to specific 
radiographic findings observed on the MBS. Knowledge of the association between 
MBS-identified swallowing dysfunction and recommendations would provide a better 
understanding of how recommendations are made and is a necessary foundation for 
future studies to determine the effectiveness of recommendations and impact on 
health outcomes. Thus, in our prospective study of 150 children, we aimed to (1) 
document feeding and swallowing recommendations for infants and children 
following combined CFE and MBS evaluations, and, (2) determine which specific 
recommendations were associated with MBS documentation of oral and pharyngeal 
phase dysfunction.    
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7.2.3  Methods 
This study was approved by the Royal Children’s Hospital and Health Service District 
Ethics Committee. Participants included 150 consecutive infants and children 
attending for an initial MBS at the Royal Children’s Hospital, Brisbane between 
01.01.2005 and 30.12.2006, whose care-givers gave written consent for participation. 
Eligible children included inpatients and outpatients, aged 0-18 years with varying 
aetiologies. There were no exclusion criteria, although children could not have repeat 
MBS examinations included. All children initially attended a CFE prior to their MBS 
from which a “Referring Clinician’s MBS Pre-Assessment Checklist” was completed 
by their primary speech pathologist (see Appendix A), which included medical 
history, CFE results and clinical signs suggestive of aspiration. From this information, 
the speech pathologist’s primary concerns and textures were noted and a standard 
MBS protocol was slightly modified to individualize the study to the child’s specific 
needs (age, physical impairment, etc).  
 
Children then underwent a MBS, conducted by a multidisciplinary team that included 
a radiologist, radiographer, speech pathologist, and registered nurse. The MBS 
examinations were performed using a digital fluoroscopy unit (Toshiba KXO-80G, 
North Ryde, NSW, Australia) and recorded for review on a digital DVD recorder (VOD 
digital MP3000, Toshiba, North Ryde, NSW, Australia). Pulsed fluoroscopy was 
performed at 15 frames per second, and collimation was used to restrict the field of 
view to mouth, nasopharynx, oropharynx, upper esophagus and trachea. Children 
were viewed in the lateral position, and occasionally in the anterior-posterior view 
when asymmetries were suspected. Breast-fed infants were positioned in a side-lying 
position with head support and given fluid from a wide-based nipple/teat and bottle. 
Bottle-fed infants and other children were positioned semi-reclined or seated upright 
in an age appropriate paediatric insert on the Hausted VIC video imaging chair 
(Steris, Mentor, Ohio) between the X-ray tube and the image intensifier. During the 
MBS, the children’s primary caregiver fed their child a range of barium impregnated 
food and fluids during the study as instructed by the speech pathologist. Age or 
developmentally appropriate consistencies were trialed with children using their 
regular feeding equipment/utensils from the following protocol: 2 trials of puree 
(spoon) and lumpy-mashed/semisolid (spoon) consistencies, 2 bites of biscuit (self-
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fed or placed into cheek by caregiver), 2 trials each of thickened fluid and/or thin fluid 
(spout cup, open cup or straw) and/or continuous drinking from a bottle/cup. A fatigue 
test was conducted where indicated. A more detailed description of our MBS 
protocol, equipment, screening times and radiation exposure to infants and children 
has been published previously.22 Therapeutic interventions were incorporated into 
the MBS as deemed appropriate by the speech pathologist. These included changes 
in head position (chin tuck, head turn or tilt), angle of recline of the feeding seat, 
bolus temperature (e.g., cold puree or fluid bolus), taste changes (e.g., sour bolus), 
swallowing maneuvers (e.g., supraglottic swallow), pacing or behavioral 
reinforcement (praise/toy for bites/drinks taken). 
 
Analysis of Modified Barium Swallow Studies 
Children’s VFS studies were analyzed using a standard MBS data analysis sheet 
requiring comment on 40 items during oral preparatory, oral, pharyngeal and cervical 
esophageal phases of swallowing for all food and fluid consistencies trialed for each 
child (Appendix B). Specific types of swallowing dysfunction were selected and 
divided into oral and pharyngeal phase parameters. Oral phase parameters included 
impaired lip seal, impaired bolus formation, impaired oral transit, piecemeal 
deglutition, gagging and oral residue. Pharyngeal phase parameters included 
delayed swallow reflex (DSR), nasopharyngeal reflux (NPR), isolated laryngeal 
penetration (ILP), oropharyngeal aspiration (OPA), silent aspiration (SA) and post-
swallow residue (PSR). The oral and pharyngeal phase parameters were defined 
according to the literature and described below. However, as aspiration and 
pharyngeal phase swallowing dysfunction is the focus of this thesis, only the 
pharyngeal phase parameters were included for analysis. 
 
Definitions of Oral Phase Swallowing Dysfunction Parameters:  
1. Impaired lip seal: Any food/fluid contacting the lips or falling anteriorly from the 
mouth. 
2. Impaired tongue function: Movement is restricted; No lateral tongue movement 
noted during chewing; stripping wave not observed during sucking. Primitive 
suckle pattern (infantile) where tongue stays in a constant vertical plane.  Tongue 
moves forward & backward with wide jaw excursions. Tongue moves forward to 
151
start the swallow. Tongue thrusts forward forcefully passing beyond central 
incisors and possibly the lips. 
3. Impaired bolus formation: Semisolid: inability to maintain a bolus – material falls 
to the anterior/lateral sulci/material coats the tongue/ material falls prematurely 
into the pharynx. Solids: inability to form a bolus after munching / chewing 
occurs.  Poor lateral tongue movements. Liquid: inability to contain a discreet 
bolus- material falls into the anterior-lateral sulci/material lost anteriorly from the 
mouth/ falls prematurely into the pharynx. (Mostly relating to lingual movement 
and buccal tension.) 
4. Impaired oral transit: Reduced or excessive range/rate/tone/coordination/timing 
of lingual and buccal movement to effect bolus movement from the anterior oral 
cavity to the point of reflex triggering.  
5. Piecemeal deglutition: PMD – process of dividing a single bolus into smaller 
portions so that multiple/repeated swallows are required to clear the oral cavity. 
Children -PMD related to size of bolus (↑bolus size = PMD is more likely). (Bolus 
size comparisons have not been done in Paediatric research to date). PMD is 
considered normal behaviour in (adults) for bolus sizes are large: e.g.  ~15mls 
6. Gagging: Activation of gag reflex noted. 
7. Multiple swallows: ≥ 3 swallows to clear a mouthful. 
8. Oral residue: Residue of food/material on oral structures or pooling in anterior or 
lateral sulcus or floor of mouth.  Includes residue of material on tongue, hard 
palate, anterior sulcus or floor of mouth, left/right lateral sulci between teeth and 
cheeks in buccal spaces.    
 
Definitions of Pharyngeal Phase Swallowing Dysfunction Parameters 
1. Delayed swallow reflex initiation (DSR): Delay in initiation of the swallow reflex 
defined by extended hold of the bolus in the valleculae/pharynx (≥3 seconds),18 or 
entry of the head of the bolus into or hold of the bolus in the pyriform sinuses prior 
to initiation of the swallow; or the absence of initiation of the swallow reflex. 
2. Nasopharyngeal reflux (NPR):  entry of material into the nasopharynx due to 
reduced or incoordinated closure or apposition of the velum and posterior 
pharyngeal wall.15,23 
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3. Isolated laryngeal penetration (ILP): entry of material into the laryngeal vestibule, 
but not passing below the true vocal folds;23,24 and with the absence of aspiration 
occurring on any of the swallows for a given consistency. This included epiglottic 
undercoating (entry of material under the epiglottis, but not further into the 
laryngeal vestibule) and laryngeal penetration into the upper one third or lower 
two thirds of the laryngeal vestibule.25 Children with ILP had a rating of 2-5 on the 
Penetration-Aspiration Scale.24 
4. Oropharyngeal aspiration (OPA): the passage of material below the level of the 
true vocal folds. Children with OPA had a rating of 6-8 on the Penetration-
Aspiration Scale.23,24 
5. Silent aspiration (SA): the passage of material below the level of the true vocal 
folds23,24 where no radiographically identified laryngeal response (e.g., cough) 
was observed within 20 seconds. Children with SA had a rating of 8 on the 
Penetration-Aspiration Scale.24 
6. Post-swallow Residue (PSR): pharyngeal residue evident in the pharynx 
(including valleculae, pyriform sinuses, and/or posterior pharyngeal wall) post-
swallow. For the purposes of this study, PSR was rated as present if the child 
received a rating of ‘moderate’ or ‘severe’ residue.22 
 
Determining Recommendations following MBS 
MBS findings and subsequent feeding recommendations were determined by 
consensus between 2 speech pathologists conducting the MBS (KW who attended 
all MBS studies and another speech pathologist). A standard ‘MBS Feeding 
Recommendations’ datasheet that includes a comprehensive list of feeding 
recommendations was utilized (see Appendix C). These recommendations were 
grouped into major headings as outlined in appendix 2 (e.g. type of feeding 
method/route of intake, positioning changes, etc). Possible treatment and 
management recommendations for specific radiographic signs of swallowing 
dysfunction were selected based on the current paediatric literature.26,27 Children 
may have had a range signs of swallowing dysfunction across a number of food and 
fluid textures, thus necessitating a range of different treatment/recommendations 
(see Appendix D).  
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All speech pathologists had a minimum of 4 years experience, and had completed a 
MBS competency program incorporating approximately 100 hours of training in 
conducting VFS studies, interpreting VFS studies to criteria, reporting and 
incorporating MBS results into management plans. 
 
Statistical Analysis: 
All data was analyzed using SPSS (v13). Frequency data was described for all 
radiographic signs for each consistency and for treatment recommendations.  
Associations between 5 radiographic signs of swallowing dysfunction (DSR, NPR, 
ILP, OPA and PSR) and treatment recommendations were analyzed using chi 
squared distribution with odds ratios and 95%confidence intervals (95%CI) calculated 
from 2x2 tables.  Frequency data was reported for SA, however as children with SA 
were considered a subgroup of OPA, no separate analysis for feeding 
recommendations was conducted for silent aspirators.  
 
7.2.4  Results 
One hundred and fifty children (90 males, 60%) with a median age of 1.37 years 
(range 0.03-15.83 years) participated. Children comprised a heterogeneous group 
with a range of medical diagnoses across a number of affected body systems (range 
0-8 affected systems; median 3) adapted from Burklow etal.28 Participant 
demographics are included in Table 1. Prior to the MBS, 25 children (16.7%) were on 
total non-oral feeding, 35 (23.3%) were on partial oral/enteral feeding and 90 (60%) 
children were on full oral feeding.  During the MBS, 126 (84%) of the 150 children 
were trialed on thin fluids, 84 (56%) on thickened fluids (either ‘anti-regurgitation’or 
‘AR’ consistency thickened formula for bottle fed infants or ‘nectar’ consistency for 
older children), 123 (82%) on puree, 57 (38%) on lumpy-mashed/semisolid and 34 
(23%) on chewable solid consistencies.  Frequencies for pharyngeal phase 
swallowing dysfunction for each consistency are displayed in Table 2. Following the 
MBS, recommendations for feeding methods (route) changed such that 15 children 
(10.0%) were on total non-oral feeding, 48 (32.0%) were on partial oral/enteral 
feeding and 87 (58.0%) children were on full oral feeding. Changes to feeding 
method, fluids and solids post-MBS are displayed in Table 3.  One hundred and four 
children (69.3%) had some change to either food and/or fluid recommendations.  Of 
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the 87 children who were on full oral feeding, 17/87 (19.5%) had no restrictions or 
other recommendations, while 70/87 (80.5%) were on full oral feeding with 
modifications which may have included texture restriction or modification, specific 
head postures and body positioning, specific swallowing strategies, etc.  
 
Frequency data for the complete list of interventions are included in Table 4.  
Compensatory recommendations included specific positioning changes for 70 
(46.7%) children and head postures for 84 (56.0%) children with only a chin tuck 
position used. Sensory enhancements were recommended for 21 (14.0%) children.  
Diet changes included totally restricting fluids in 32 (21.3%) children, modifying 
(thickening) fluids in 79 (52.7%) and use of specific foods during therapy for 85 
(56.7%) children. The oral textures recommended for the home and foods to be used 
during therapy sessions are included in Table 3.  Indirect therapy recommendations 
included non-nutritive oral sensorimotor programs for 15 (10.0%) non-oral children 
and oral sensorimotor programs for 38 (25.3%) children who were receiving 
partial/full oral intake. Specific feeding equipment including specific teats, bottles, 
spoons and cups were recommended for 71 children (47.3%).  Specific parent 
training were recommended for 101 (67.3%) children and addressed a range of 
issues such as recognizing infant cues, swallowing strategies, positioning, 
recognizing clinical indicators of aspiration, and included behavioral interventions for 
20 (13.3%) children (see Table 4). Recommendations for direct therapy included 
specific oral sensorimotor treatment during eating activities with food/fluids for 61 
(40.7%) of children; and swallowing strategies for 41 (27.3%) which included 
alternating liquid and solids boluses (cyclic ingestion), multiple swallows and pacing 
of feeding (either bottle, spoon or cup feeding) specific to the child. Unsurprisingly, no 
swallowing maneuvers were used in this very young population. 
 
Recommendations associated with specific swallowing dysfunction observed 
on MBS 
Delayed swallow reflex  
Statistically significant recommendations for children with DSR on all fluid and food 
consistencies (except solids) are presented in Table 4. Recommendations for 
children with DSR on thin fluids included full oral feeding with modifications, 
thickening fluids to an AR-consistency thickened fluid, and use of a cross cut teat and 
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pacing for bottle-fed infants.  Children with DSR on thin fluids were 3.12 times more 
likely to have a recommendation of full oral feeding with modifications (95% CI 1.46-
6.65). Statistically significant recommendations for DSR on purees included total 
non-oral feeding, restriction of food and fluid consistencies, oral cares/hygiene and 
training. There were no statistically significant associations for feeding methods for 
DSR on other consistencies. Statistically significant recommendations for DSR on the 
lumpy-mashed consistency included positioning changes, sensory interventions and 
direct treatment including food.  
 
Nasopharyngeal reflux 
Recommendations for children presenting with NPR were calculated for thin fluids, 
thick fluids and purees only due to the small number of children that demonstrated 
NPR on semisolids and solids. Statistically significant recommendations for NPR are 
presented in Table 5. Children with NPR on thin fluids were not significantly more 
likely to be recommended a specific method of feeding recommendation, but children 
with NPR of nectar thick fluids were 5.93 times more likely to be total non-oral 
feeding, than those without NPR of thick fluids (95%CI 1.50-23.48). No particular 
recommendations were noted for posture or positioning changes, direct therapy with 
food, sensory modifications, or behavioral interventions.  
 
Isolated Laryngeal Penetration  
Recommendations for children presenting with ILP were calculated for thin fluids, 
thick fluids and purees only due to the small number of children that demonstrated 
ILP on semisolids and solids. Statistically significant recommendations for ILP are 
presented in Table 6. Children with ILP on thin fluids were more likely be 
recommended full oral feeding (OR 2.83, 95% CI 1.32-6.09) with modifications 
including modifying (thickening) fluids, and use of swallowing strategies. While cyclic 
ingestion was not considered a treatment option for ILP, it appears that this group of 
children were more likely to be using this strategy for other issues (e.g. post-swallow 
residue). Other strategies recommended included positioning, use of particular 
equipment, and pacing, although restriction of consistencies occurred when ILP 
occurred on the puree. 
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OPA 
Due to the small number of children that demonstrated OPA on semisolids and 
solids, analysis for this consistencies were not included for OPA. Recommendations 
for children presenting with OPA were calculated for thin fluids, thick fluids and 
purees only. Statistically significant recommendations for OPA are presented in 
Table 7. Children with OPA on any of these consistencies were significantly more 
likely be prescribed total non-oral feeding with associated non-nutritive oral 
sensorimotor programs, oral care/hygiene programs, non-nutritive sucking on 
pacifiers for infants and parent training around these activities.   
 
PSR 
Recommendations for children with moderate-severe PSR were analyzed for all fluid 
and food consistencies. Statistically significant recommendations for PSR are 
presented in Table 8. Children with PSR on thin fluids, thick fluids and puree  were 
significantly more likely have total non-oral feeding with associated non-nutritive oral 
sensorimotor programs, oral cares/hygiene program, non-nutritive sucking on 
pacifiers for infants and parent training around these activities.  However, while 
children with PSR on the lumpy-mashed consistency also demonstrated this pattern, 
those that remained on some level of oral intake were more likely to have strategies 
such as cyclic ingestion and multiple swallows. 
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7.2.5  Discussion  
In our prospective study of 150 children, we have documented the range of 
interventions prescribed to children following MBS (and including CFE information) 
using a specifically designed checklist. We also identified recommendations 
associated with specific types of pharyngeal phase swallowing dysfunction utilizing 
five fluid/food consistencies (thin and thickened fluids, purees, lumpy-
mash/semisolids and solids). Children with swallowing dysfunction such as OPA and 
PSR were significantly more likely to be prescribed restriction of food and fluid 
consistencies or total non-oral feeding with use of non-nutritive oral sensorimotor 
programs and parent training regarding oral cares/hygiene.  Children with DSR and 
ILP were significantly more likely to receive recommendations for full oral nutrition 
with modifications, such as thickened fluids, use of special feeding equipment and 
pacing.  
 
Overall the most frequent recommendations were feeding methods (total non-oral, 
partial oral/enteral; full oral feeding), types of food/fluid consistencies allowed at 
home and in therapy, specific feeding equipment, oral sensorimotor programs, 
swallowing strategies, pacing and parent education. The route of feeding method 
changed in 23.2% of children in our cohort which is less than that reported by Zerrilli 
et al (42%) 21. Similar to their study, we found a greater number of children had their 
feeding method liberalized (14% vs 27%21 ) rather than made more restrictive (9% vs 
15%21) following MBS. The most frequent recommendations were changes to food 
consistencies with no change in route of feeding; fluids were downgraded/restricted 
while solids were upgraded/liberalized. More children in our study had changes to 
food/fluid consistency (69.3%) than Rogers et al (46%)18, but we used less pacing 
(25.3% vs 39%18). Differences in use of pacing may be due to our use of specific 
feeding equipment with different flow rates and capabilities for self-pacing (e.g. cross-
cut teats). While swallowing strategies focused predominantly on alternating 
presentations of fluid and solid boluses (cyclic ingestion) and the use of multiple 
swallows during feeding, there were no swallowing maneuvers recommended for 
children in this predominantly very young group.  
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Recommendations associated with specific types of swallowing dysfunction 
A finding of DSR, also termed delayed pharyngeal swallow onset 7, is concerning due 
to the ‘risk of aspiration’, whereby the longer the bolus is in the pharynx prior to 
swallow initiation, the greater the risk of aspiration occurring before the swallow (and 
consequent laryngeal closure) or aspiration during the swallow due to mild 
pharyngeal incoordination 7. Reported interventions include restricting the food/fluid 
consistency, increasing sensory characteristics such as using chilled formula 29 or a 
cold bolus 6 using thermotactile stimulation (icing the faucial arches prior to the 
swallow)6 and postural changes such as ‘chin tuck’ to widen the valleculae and 
narrow the airway entrance 6. Children with thin fluid DSR in our study were likely to 
have a range of recommendations including being on full oral feedings with 
modifications such as restriction of thin fluids, using an AR-consistency thickened 
formula/fluid, bottle-feeding with a cross cut teat allowing self-pacing or external 
pacing (by caregiver) with bottle-feeds using other types of equipment.  In contrast to 
much of the literature on adults and older children 6, chin tuck was not significantly 
associated with thin fluid DSR, although this probably reflects the difficulties in using 
this technique with our very young age group.  Arvedson cautions that young infants 
should be positioned with a neutral head position with a balance between flexion and 
extension, due to a tendency for the pharyngeal and laryngeal structures (soft 
cartilage) to collapse in flexion and increase the likelihood of apneic events 8. DSR on 
a puree consistency was significantly associated with total non-oral feeding and 
associated non-nutritive oral sensorimotor programs and oral cares/hygiene, while 
direct therapy strategies using food textures and sensory intervention included cold 
temperatures and ‘spicy’ (increased intensity of taste) were used for DSR on 
semisolid consistency.  The differences in recommendations for these two 
consistencies possibly reflect differences between age, oral motor competence and 
numbers in each group with 123 children trialed on purees, but only 57 on semisolid.   
 
Although the literature suggests NPR occurs more commonly on liquids 7, we found 
that it occurred at similar rates across thin, thick and puree consistencies in our 
study, but at a much lower rate for semisolid and chewable foods.  Common 
interventions include thickening fluids and upright positioning.  We found a trend to 
restrict thin fluids and incorporate use of a special bottle for infants when thin fluid 
NPR was noted, however recommendations significantly associated with NPR on 
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thick or puree consistencies were generally total non-oral feeding, non-nutritive oral 
sensorimotor programs and oral cares/hygiene. The lack of options may be reflective 
of our very young age group where a patent nasal airway is required to support 
nutritive sucking. Hence, if residue of thicker fluids or purees are noted, this may be 
less easily cleared and continue to compromise nasal breathing during feeding.  
 
There is some debate in both the adult and pediatric literature as to whether a finding 
of laryngeal penetration on MBS is relatively benign or is associated with an 
increased risk of aspiration requiring intervention strategies 17,25,30-32. Arvedson and 
Lefton-Greif 7 suggest epiglottic undercoating, penetration of contrast to the inferior 
surface of the epiglottis, on the first one or two swallows during nipple feeding is a 
normal variant, but penetration further into the laryngeal vestibule is of more concern. 
Friedman and Frazier25 reported that the depth of laryngeal penetration was more 
important in predicting aspiration, where 85% of children in their study who 
demonstrated deep laryngeal penetration into the lower one-third of the laryngeal 
vestibule went on to aspirate, and this occurred most frequently on fluids. Lefton-
Grief et al summarized that the likelihood that penetration would evolve into 
aspiration appears to be affected by a number of factors such as presence of other 
swallowing abnormalities, the frequency, depth, and clearance of penetration, and 
fatigue effects over the course of the meal 32. Consistent with the literature, we found 
that the frequency of ILP was related to the viscosity of the food/fluids ingested and 
occurred most frequently on thin fluids. Epiglottic undercoating was the predominant 
level of laryngeal penetration across all consistencies. Interventions for ILP focused 
on a recommendation of full oral feeding with modifications including thickening thin 
fluids, use of ‘anti-regurgitation’ consistency thickened formula/fluids, semi-reclined 
positioning, using a cross-cut teat with self-pacing for bottle-fed infants and external 
pacing during cup drinking for older children.  
 
A recent study in adults found that amount of aspiration, frequency of aspiration and 
silent aspiration were three of the top 13 variables that clinicians use to determine 
whether to recommend oral versus non-oral feeding 33. At present, the general 
consensus in the literature is that a finding of OPA on any consistency should lead to 
recommendations to avoid that consistency in order to protect the airway and prevent 
chronic respiratory symptoms 9,23,34. This may take the form of thickening fluids, 
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delivering a smaller bolus size, and using chin tuck position 6,9,35,36 although a variety 
of swallowing maneuvers 37,38 are being used in adult populations in preference to 
food/fluid restriction or thickening. Previous studies have suggested thickening fluids 
in infants/children with thin fluid aspiration if they can safely swallow the thicker 
consistency 39 or recommendations of total non-oral feeding for children who were 
unable to swallow thicker consistencies safely.  Pediatric literature suggests that 
infants and children on total non-oral feeding should have a non-nutritive oral 
sensorimotor program including stroking, stretching, brushing, icing, tapping and 
vibrating areas of the face and mouth as well a non-nutritive sucking to minimize oral 
defensiveness or oral hypersensitivity 5,7-9. Our findings reflected this practice with a 
finding OPA on all consistencies being significantly associated with a 
recommendation of total non-oral feeding, with associated non-nutritive oral 
sensorimotor programs, non-nutritive sucking on a pacifier for infants, attention to 
oral cares/hygiene and parent training around these areas.  Whilst adult studies have 
suggested that allowing water to patients with thin fluid OPA did not have harmful 
effects 40 and a Cochrane systematic review found no evidence to recommend or 
restrict oral water ingestion to protect the pulmonary status of children with thin fluid 
aspiration 41, no clinical trials regarding pulmonary outcomes of free water protocols 
or allowing continued aspiration of food/fluids consistencies for children with OPA 
currently exist.  
 
Post-swallow residue in the valleculae and pyriform sinuses are associated with 
reduced tongue base retraction, reduced pharyngeal contraction or reduced upper 
esophageal sphincter (UES) opening 7,42, and diffuse residue with generalized 
pharyngeal dysmotility and/or reduced sensation 7. While a thin coating of barium is 
common on VFS studies, there are no data to determine ‘normal’ coating/residue in 
children. However PSR, particularly in the pyriform sinuses, is of concern due to 
increased risk of aspiration after the swallow when the airway has reopened 7,43.  
Treatment recommendations described in the literature include using additional 
swallows, cough, throat clearing, pacifiers for an infant, tapping the tongue tip to 
stimulate an additional swallow, and alternating swallows of ‘safe’ fluids with solids to 
assist clearance (cyclic ingestion) 7. We found that children had gradually increasing 
PSR with increased viscosity (although less with a chewable solid).  
Recommendations significantly associated with moderate-severe PSR across all 
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consistencies included a recommendation of total non-oral feeding, with non-nutritive 
oral sensorimotor oral programs, sucking on a pacifier, oral cares/hygiene and parent 
training.  If children were allowed some level of oral intake, interventions included 
oral sensorimotor programs with food. While cyclic ingestion, and use of multiple 
swallows was significant for semisolids (although not extensively used), these 
strategies were significantly less likely to occur for solids, which may relate to the low 
number of children who had PSR on solids. 
 
There are a number of limitations with this study. Firstly, data was collected at a 
single institution, which may reflect idiosyncratic practice.  However as this institution 
performs the most number of pediatric modified barium studies in our state, and 
outcomes were consistent with the limited literature available on treatment following 
MBS, we feel that outcomes would be applicable for tertiary institutions performing 
MBS with this age group and medical complexity. However, further prospective 
research including using a multi-centre trial would clarify this.  As the age group was 
very young, limited data were acquired for older children, which may not reflect the 
range of treatment options applicable such as use of swallowing maneuvers. While 
no inter-rater reliability testing was performed, we used a standard data collection 
form with recommendations made through consensus between two experienced 
clinicians, who have trained to criteria.  Training to criteria and consensus has been 
shown to increase inter-rater reliability in interpreting VFS studies 24,44. The 
recommendations reported were those found to be statistically significant following 
univariate analysis. However due to the large number of items, and as children may 
have had multiple forms of swallowing dysfunction on multiple fluid/food 
consistencies, interactions between age, feeding methods, swallowing dysfunction 
and influence of oral phase difficulties could not be analyzed via regression analysis. 
 
This is the first study to prospectively and comprehensively investigate feeding 
recommendations for pharyngeal phase swallowing dysfunction across a range of 
food and fluid consistencies identified on MBS for a large cohort of children. 
Recommendations most commonly prescribed included method (route) of feeding, 
fluid/food consistencies allowed at home and during therapy in the clinic, sensory 
enhancements, feeding equipment, pacing, non-nutritive oral sensorimotor programs 
with oral cares/hygiene as well as specific parent training. Specific recommendations 
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for swallowing dysfunction associated with observed nasal or tracheal airway 
compromise including NPR and OPA, or PSR with a well-recognized increased risk 
of compromise, included total non-oral feeding, with appropriate non-nutritive oral 
sensorimotor programs and parent training.  Swallowing dysfunction including DSR 
and ILP were associated with full oral feeding with modifications including a range of 
interventions such as thickening fluids, positioning changes, bottle feeding equipment 
allowing self-pacing, and sensory stimulation.  Further investigation into use of 
specific techniques in younger children and swallowing maneuvers in older children; 
and health outcomes related to recommendations would be beneficial.  
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Table 1 Participant Demographics  
Factor examined Group 
N = 150 
n (%) 
   
Demographics 
Age ≤ 1 year 
 
57 (38.0%) 
   
Age >1 year 93 (62.0%)    
Male  90 (60.0%)    
Enteral Feeding 60 (40.0%)    
Organ System Impairment 
Neurological 
 
101 (67.30%) 
   
Gastrointestinal 65 (43.3%)    
Respiratory 70 (46.7%)    
Genetic 86 (57.3%)    
Structural 56 (37.3%)    
Metabolic 13 (8.7%)    
Medical Diagnoses 
Developmental Delay 
 
97 (64.70%) 
   
Gastroesophageal Reflux Disease 43 (28.7%)    
Seizures 31 (20.7%)    
Cerebral Palsy 27 (18.0%)    
Other Syndrome 28 (18.7%)    
Tracheo/bronchomalacia 28 (18.7%)    
Pneumonia  22 (14.7%)    
Congenital Heart Disease 24 (16.0%)    
Preterm <37 weeks 23 (15.3%)    
Recurrent Respiratory Tract 
Infections 
21 (14.0%)    
Failure to Thrive 16 (10.7%)    
Aspiration Lung Disease 12 (8.0%)    
Chronic Neonatal Lung Disease 9 (6.0%)    
Acquired Brain Injury 8 (5.3%)    
Asthma 7 (4.7%)    
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Down Syndrome 6 (4.0%)    
Tumour 5 (3.3%)    
Atelectasis 3 (2.0%)    
Bronchiectasis 5 (3.3%)    
Tracheostomy 2 (1.3%)    
Note. Body systems and medical diagnoses are not mutually exclusive.
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Table 2. Frequency of pharyngeal phase dysfunction on fluid and food consistencies. 
Swallow dysfunction Thin Fluid 
N = 126 
n (%) 
Nectar  
N = 84 
n (%) 
Puree 
N = 123 
n (%) 
Semisolid 
N = 57 
n (%) 
Chewable Solid 
N = 34 
n (%) 
Delayed swallow reflex 81 (62.3) 45 (53.6) 25 (20.3) 28 (29.1) 7 (20.6) 
Nasopharyngeal regurgitation  16 (12.7) 11 (13.1) 13 (10.6) 2 (3.5) 1 (2.9) 
Isolated laryngeal penetration 48 (38.1) 20 (23.8) 10 (8.1) 5 (8.8) 2 (5.9) 
Oropharyngeal aspiration 36 (28.6) 22 (26.2) 16 (13.0) 1 (1.8) 3 (8.8) 
Silent aspiration 23 (18.3) 17 (20.2) 17 (13.8) 1 (1.8) 2 (5.9) 
Post-swallow residue 27 (21.4) 40 (47.6) 71 (57.7) 25 (43.9) 8 (23.5) 
N = Number of children trialed on consistency. 
n = number of children with specific swallow dysfunction on that consistency. 
% = percentage of children with dysfunction from total number of children trialed on consistency.  
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Table 3. Changes to feeding method, fluid and solid recommendations following MBS. 
 Downgraded1 
N (%) 
Upgraded2 
N (%) 
Same 
(N) 
Feeding Method 12 (8.0) 21 (14.0) 117 (78.0) 
Fluids 54 (36.0) 29 (19.3) 67 (44.7) 
Solids 23 (15.3) 38 (25.3) 89 (59.3) 
1 Downgraded = Recommended to reduce oral feeds and/or increase restriction of 
food/fluid consistencies.  
2 Upgraded = Recommended to increase oral feeds and/or reduce restriction of food/fluid 
consistencies.  
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Table 4. Frequency of specific treatment recommendations for the group. 
Therapeutic Intervention N (%) 
Oral Texture Recommended  
Full thick fluids 1 (0.7) 
Nectar thick fluids 33 (22.0) 
AR consistency thick fluids 46 (30.7) 
Modify (thicken) thin fluids 79 (52.7) 
Thin fluids 58 (38.7) 
No fluids orally 32 (21.3) 
Lumpy Semisolid 60 (40.0) 
No Lumpy Semisolid  55 (36.7) 
Puree 103 (68.7) 
No puree orally 31 (20.7) 
Particulate solids 30 (20.0) 
Soft solids 38 (25.3) 
No solids orally 89 (59.3) 
Positioning Changes  
Positioning equipment 29 (19.3) 
External support: feeding structures 9 (6.0) 
Upright positioning 22 (14.7) 
Semi-reclined / tilt in space 30 (20.0) 
Side-lying 2 (1.3) 
Swaddling 0 (0) 
Breastfeeding position 2 (1.3) 
Parent’s feeding position 3 (2.0) 
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Non-nutritive Oral Sensorimotor 
Program 
Infadent 5 (3.3) 
Nuk massage brush 5 (3.3) 
Pacifier 9 (6.0) 
Soft-mouth toys 1 (0.7) 
Teethers 0 (0) 
Vibration 0 (0) 
Massage 0 (0) 
Non-nutritive oral sensorimotor stimulation 15 (10.0) 
Oral Cares & Hygiene 10 (6.7) 
Equipment Recommendations  
Breast-feeding  
Nipple shield 0 (0) 
Line system 0 (0) 
Attachment 0 (0) 
Expressing to increase supply 0 (0) 
Bottle-feeding  
Teat: Alter flow rate 7 (4.7) 
Teat: Cross-cut / tri-cut 17 (11.3) 
Teat: Hole with flow 3 (2.0) 
Peristaltic 3 (2.0) 
Teat base: Wide / Narrow 2 (1.3) 
Medella Special Needs / Squeeze bottle 12 (8.0) 
Pacing 21 (14.0) 
Spoon-feeding  
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Flat bowl 10 (6.7) 
Deep bowl 0 (0) 
Therapeutic spoon 4 (2.7) 
Pacing 8 (5.3) 
Cup Feeding  
Spout cup 17 (11.3) 
Open cup 10 (6.7) 
Therapeutic cup 11 (7.3) 
Straw 2 (1.3) 
Flow rate 2 (1.3) 
Pacing  13 (8.7) 
Foods in Therapy Sessions  
Thin fluids 14 (9.3) 
AR consistency thick fluids 20 (13.3) 
Nectar thick fluids 23 (15.3) 
Thick syrup thick fluids 1 (0.7) 
Puree 25 (16.7) 
Lumpy / Semisolid 21 (14.0) 
Chewable solid 26 (17.3) 
Sensory Modifications with Food  
Temperature (hot or cold) 12 (8.0) 
Spicy / Bland 5 (3.3) 
Texture 4 (2.7) 
Bolus size 8 (5.3) 
Thermotactile stimulation 2 (1.3) 
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 Indirect Treatment 
Preparatory handling 5 (3.3) 
Oral / Facial desensitization 26 (17.3) 
Oral / Facial stimulation 7 (4.7) 
Direct Treatment*  
Suck-swallow-breath coordination 15 (10.0) 
Lip seal 5 (3.3) 
Biting 23 (15.3) 
Chewing 32 (21.3) 
Tongue lateralization 25 (16.7) 
Tongue cupping / Midline groove 9 (6.0) 
Bolus formation 13 (8.7) 
Bolus transport 13 (8.7) 
Oral clearance of puree / semisolids 
(Pacifier) 
10 (6.7) 
Postures, Maneuvers & Strategies  
Chin tuck 84 (56.0) 
Head turn 0 (0) 
Head tilt 0 (0) 
Supraglottic swallow 0 (0) 
Super-Supraglottic swallow 0 (0) 
Mendelsohn maneuver 0 (0) 
Effortful swallow 0 (0) 
Alternating fluid & food swallows 10 (6.7) 
Multiple swallows 11 (7.3) 
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Pacing 38 (25.3) 
 
Behavioral Interventions 
 
Aversion reduction 10 (6.7) 
Environment 2 (1.3) 
Feeding chair / position 4 (2.7) 
Food 9 (6.0) 
Utensils 2 (1.3) 
Structured behavioral intervention 14 (9.3) 
Limit setting 3 (2.0) 
Mealtime protocol 3 (2.0) 
Parent Training  
Recognizing infant cues 34 (22.7) 
Swallowing strategies & positioning 42 (28.0) 
Indicators of aspiration 67 (44.7) 
Oral cares & Hygiene 11 (7.3) 
Medications [alternate route / texture] 10 (6.7 ) 
Tolerance of desensitization 22 (14.7) 
Tolerance of behavioral feeding program 14 (9.3) 
Appropriate reinforcement 9 (6.0) 
Limit setting 6 (4.0) 
Managing difficult behavior 6 (4.0) 
* Oral motor treatment during feeding 
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Table 5. Recommendations associated with Delayed Swallow Reflex 
Recommendation DSR+ DSR- OR (95% CI) p 
Thin fluids (N=126) (81) (45)   
Full oral feeding with modifications (n=70) 53 17 3.12 (1.46-6.65) 0.003 
Restriction thin fluids (n=66) 54 12 5.50 (2.46-12.32) <0.001 
Thickening thin fluids (n=72) 56 16 4.06 (1.88-8.78) 0.001 
AR consistency thick fluids (n=43) 36 7 4.34 (1.74-10.87) 0.001 
Positioning: External support (n=7) 7 0 1.10 (1.02-1.17) 0.042 
Bottle feeding: Cross cut teat (n=15) 13 2 4.11 (0.88-19.11) 0.054 
Pacing with bottle feeds (n=20) 17 3 3.72 (1.03-13.48) 0.035 
Parent training in positioning and strategies (n=37) 30 7 3.19 (1.27-8.04) 0.011 
Nectar fluids (N=84) (45) (39)   
Sensory input (n=13) 11 2 5.99 (1.24-28.97) 0.015 
Oral motor treatment (with food) (n=32) 23 9 3.49 (1.35-8.98) 0.008 
Purees (N=123) (25) (98)   
Total non-oral feeding (n=14) 9 5 10.46 (3.10-35.27) 0.001 
Restricting thick fluids (n=28) 12 16 4.73 (1.83-12.23) 0.001 
No fluids orally (n=31) 13 18 4.8 (1.19-12.28) 0.001 
No puree orally (n=16) 10 6 10.22(3.24-32.28) 0.001 
No solids orally (n=72) 20 52 3.5 (1.23-10.19 0.015 
Non-nutritive oral sensorimotor program (n=14) 8 6 7.22 (2.22-23.44) 0.001 
Oral cares/hygiene (n=10) 6 4 7.42 (1.91-28.85) 0.001 
Parent training: oral cares/hygiene (n=11) 5 6 3.83 (1.06-10.29) 0.024 
Lumpy-mashed (semisolid) (N=57)  (28) (29)   
Positioning changes (n=30) 19 11 3.46 (1.61-10.29) 0.024 
Foods in therapy (n=34) 21 13 3.69(1.20-11.38) 0.020 
Sensory: cold temperatures (n=11) 9 2 6.40 (1.24-32.99) 0.016 
Sensory: Spicy (n=5) 5 0 1.22 (1.02-1.45) 0.017 
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Table 6. Recommendations associated with Nasopharyngeal Reflux  
Recommendation NPR+ NPR- OR (95% CI) p 
Thin Fluid (N=126 ) (16) (110)   
Restriction of thin fluids (n=66) 12 54 3.11 (0.95-10.2) 0.053* 
No purees (n=20) 8 12 8.12 (2.59-25.76) <0.001 
Positioning Changes for Breastfeeding (n=2) 2 0 1.14 (0.95-1.38) <0.001 
Medella Special Needs Feeder (n=9) 5 4 12.05 (2.81-51.56) <0.001 
Non-nutritive oral sensorimotor program (n=15) 5 10 4.55 (1.31-15.72) 0.011 
Nectar Thick Fluids (N=84) (11) (73)   
Total non-oral feeding (n=14) 5 9 5.93 (1.50-23.48) 0.006 
Non-nutritive oral sensorimotor program (n=20) 6 14 5.06 (21.35-18.97) 0.010 
Non-oral cares/ hygiene (n=9) 3 6 4.19 (0.87-20.00) 0.057* 
Puree (N=123) (13) (110)   
Total non-oral feeding (n=14) 5 9 7.10 (1.89-25.97) 0.001 
Restriction of thick fluids (n=28) 8 20 7.2 (2.13-24.34) <0.001 
No fluids orally (n=31) 9 22 9.00 (2.53-31.95) <0.001 
No purees orally (n=16) 7 9 13.09 (3.62-47.37) <0.001 
No semisolids (n=42) 9 33 5.25 (1.51-18.26) 0.005 
No solids (n=72) 11 61 4.42 (0.94-20.86) 0.044 
Non-nutritive oral sensorimotor program (n=20) 5 15 3.96 (1.14-13.72) 0.022 
Non-oral cares/ hygiene (n=10) 3 7 4.41 (0.99-19.79) 0.037 
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 Table 7. Recommendations associated with Isolated Laryngeal Penetration 
Recommendation ILP+ ILP- OR (95% CI) p 
Thin fluids (N=126) (48) (78)   
Full oral feeding with modifications (n=70) 34 36 2.83 (1.32-6.09) 0.007 
Modify (thicken) thin fluids (n=72) 33 39 2.20 (1.03-4.68) 0.039 
AR consistency thick fluid (n=43) 22 21 2.30 (1.08-4.90) 0.030 
Swallowing strategies (n=37) 19 18 2.18 (1.00-4.78) 0.048 
Alternating liquids & fluids (n=9) 7 2 6.49 (1.29-32.68) 0.011 
Nectar thick fluids (N=84) (20) (64)   
Modify (thicken) thin fluids (n=51) 17 34 3.63 (1.10-11.99) 0.028 
AR consistency thick fluids (n=27) 11 16 3.67 (14.29-10.45) 0.030 
Semi-reclined positioning (n=20) 9 11 3.55 (1.20-10.46) 0.018 
Bottle feeding: cross cut teat (n=12) 6 6 4.14 (1.16-14.80) 0.021 
Pacing during cup drinking (n=7) 4 3 5.08 (1.03-25.05) 0.031 
Alternating liquids & solids (n=4) 3 1 10.33 (1.01-105.49) 0.018 
Allowing multiple swallows (n=4) 3 1 10.33 (1.02-105.49) 0.018 
Purees (N=123) (10) (113)   
Restrict thick fluids (n=28) 5 23 11.12 (1.09-113.78) 0.030 
No fluids orally (n=31) 6 25 11.12 (1.09-113.78) 0.030 
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Table 8.   Recommendations associated with Oropharyngeal Aspiration 
Recommendation OPA+ OPA- OR (95% CI) p 
Thin fluid (N=126) (36) (90)   
Total non-oral feeding (n=6) 5 1 14.36 (1.61-127.70) 0.002 
Restrict thin fluids (n=66) 31 35 9.74 (3.46-27.44) <0.001 
No fluids orally (n=14)  11 3 12.76 (3.30-49.312) <0.001 
Nectar fluids during treatment (n=21) 10 11 2.76 (1.05-7.25) 0.034 
Non-nutritive oral sensorimotor program (n=8) 5 3 4.68 (1.06-20.73) 0.028 
Oral cares/hygiene (n=5) 4 1 11.13 (1.20-103.28) 0.009 
Parent training: indicators of aspiration (n=57) 22 35 2.47 (1.12-5.46) 0.024 
Parent training: Oral cares/hygiene (n=5) 4 1 11.13 (1.20-103.28) 0.009 
Nectar thick fluids (N=84) (22) (62)   
Total non-oral feeding (n=14) 12 2 36.00 (6.99-185.55) <0.001 
Restricting nectar thick fluids (n=22) 20 2 300.00 (36.63-
2271.11) 
<0.001 
No fluids orally (n=25) 20 5 114.00 (20.47-
634.80) 
<0.001 
Non-nutritive oral sensorimotor stimulation program 
(n=12) 
10 2 25.00 (4.85-128.86) <0.001 
Oral cares/hygiene (n=9) 8 1 34.86 (4.03-301.79) <0.001 
Parent training: Oral cares/hygiene (n=10) 9 1 42.23 (4.91-362.90) <0.001 
Purees (N=123) (16) (107)   
Total non-oral feeding (n=14) 11 3 76.27 (16.02-363.10) <0.001 
Restrict puree (n=16) 12 4 77.25 (17.08-349.46) <0.001 
Restrict thick fluids (n=28) 14 14 46.50 (9.53-226.87) <0.001 
Restrict thin fluids (n=70) 14 56 6.38 (1.38-29.42) 0.008 
Non-nutritive oral sensorimotor program (n=14) 9 5 26.23 (6.90-99.64) <0.001 
Oral cares/hygiene (n=10) 7 3 26.96 (5.93-122.58) <0.001 
Parent training: Oral cares/hygiene (n=11) 6 5 12.24 (3.16-47.35) <0.001 
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Table 9. Recommendations for moderate-severe Post-Swallow Residue 
Recommendation PSR+ PSR- OR (95% CI) p 
Thin fluids (N=126) (8) (118)   
Total non-oral feeding (n=6) 3 3 23.00 (3.68-143.92)  <0.001 
Restrict thick fluids (n=13) 4 9 12.11 (2.59-56.70) <0.001 
No fluids orally (n=14) 4 10 10.80 (2.34-49.87) <0.001 
Non-nutritive oral sensorimotor program (n=8) 3 5 13.56 (2.51-73.38) <0.001 
Non-nutritive sucking on pacifier (n=7) 4 3 17.10 (2.99-97.85) <0.001 
Oral cares/hygiene (n=5) 2 3 12.78 (1.79-91.49) 0.002 
Parent training: Oral cares/hygiene (n=5) 2 3 12.78 (1.79-91.49) 0.002 
Nectar thick fluids (N=84) (15) (69)   
Total non-oral feeding (n=14) 9 5 19.20 (4.85-76.07) <0.001 
Restrict thick fluids (n=22) 11 11 14.50 (3.90-53.923) <0.001 
No fluids orally (n=25) 12 13 17.23 (4.24-69.99) <0.001 
No purees (n=25) 9 16 4.97 (1.54-16.08) 0.005 
No semisolids (n=36) 10 26 3.31 (1.02-10.75) 0.040 
No solids (n=57) 14 43 8.47 (1.05-68.19) 0.020 
Non-oral peri-intraoral stimulation program (n=12) 6 6 7.00 (1.85-26.46) 0.002 
Oral cares & hygiene (n=9) 6 3 14.67 (3.11-69.17) <0.001 
Thermotactile stimulation (n=2) 2 0 1.15 (0.85-1.41) 0.002 
Oral motor program (n=5) 3 2 8.38 (1.26-55.53) 0.011 
Parent training: Oral cares & hygiene (n=10) 7 3 19.25 (4.13-89.68) <0.001 
Purees (N=123) (17) (106)   
Total non-oral feeding (n=14) 11 3 62.94 (13.78-287.50) <0.001 
No fluids (n=31) 14 17 24.43 (6.33-94.26) <0.001 
No purees (n=16) 11 5 37.03 (9.70-141.44) <0.001 
No semisolids (n=42) 12 30 6.08 (1.97-18.74) 0.001 
No solids (n=72) 16 56 14.29 (1.83-11.63) 0.001 
Non-nutritive oral sensorimotor program (n=14) 8 6 14.82 (4.21-52.19) <0.001 
Non-nutritive sucking on pacifier (n=7) 3 4 5.46 (1.11-27.01) 0.022 
Oral cares/hygiene (n=10) 8 2 46.22 (8.51-251.14) <0.001 
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Parent training: Oral cares/hygiene (n=11) 7 4 17.85 (4.45-71.64) <0.001 
Semisolid (N=57) (5) (52)   
Total non-oral feeding (n=1) 1 0 1.25 (0.01-1.94) 0.001 
Non-nutritive oral sensorimotor program (n=2) 1 1 12.75 (0.66-244.27) 0.036 
Oral cares/hygiene (n=1) 1 1 1.25 (0.81-1.84) 0.001 
Alternating liquid and solids (n=9) 3 6 12.50 (1.59-83.39) 0.005 
Multiple swallows (n=8) 3 5 14.10 (1.89-105.53) 0.002 
Parent training: Oral cares & hygiene (n=3) 2 1 34.00 (2.36-489.96) <0.001 
Solids (N=34) (3) (31)   
No solids orally (n=5) 2 3 18.67 (1.28-272.13) 0.008 
Sensory input with foods (n=2) 1 5 10.40 (0.79-137.83) 0.039 
Alternating liquids and solids (n=6) 3 3 0.10 (0.03-0.28 <0.001 
Multiple swallows (n=5) 3 2 0.07 (0.02-0.25) <0.001 
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7.3   Summary of Chapter 7 
 
This chapter prospectively investigated the treatment recommendations based on 
radiographic findings of OPA and pharyngeal phase dysphagia in a heterogeneous cohort 
of 150 children who underwent a modified barium swallow study. Treatment 
recommendations were determined by consensus between two speech pathologists from 
a comprehensive list of possible recommendations. Children with observed nasal or 
tracheal compromise (including NPR and OPA) on MBS were significantly more likely to 
have recommendations of non-oral feeding with accompanying non-nutritive sensorimotor 
programs and parent training. Children with swallowing dysfunction including DSR and ILP 
(without co-existent OPA) were more likely to have recommendations for full oral feeding 
with modifications such as thickening fluids, positioning changes, bottle feeding equipment 
which allowed self-pacing and changes to sensory characteristics of foods and fluids. 
Rehabilitative techniques were rarely recommended due to the young age and cognitive 
levels of children in the cohort. 
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8.1  Discussion  
 
OPA is the leading cause of recurrent hospitalisation for pneumonia in children and OPA 
can result in acute and chronic respiratory sequelae. Oropharyngeal dysphagia has been 
reported in 33-90% of children with developmental disabilities.1-7 OPA occurs in 21-79% of 
children with feeding difficulties assessed by MBS but mostly in those with cerebral palsy, 
neurological involvement and severe physical impairment.8-23 However, there remains very 
limited information about OPA and pharyngeal dysphagia in children, or its relationship 
with respiratory disease. The overall aim of this thesis is to improve clinical issues relevant 
to the detection and management of children with OPA and oropharyngeal dysphagia, 
through investigating aspects of identification, assessment and management of OPA and 
pharyngeal phase dysphagia in children, particularly those related to the respiratory 
system.  
 
The overarching hypothesis of my thesis is that OPA and SA are common in children 
presenting with oropharyngeal dysphagia and/or feeding difficulty, and that MBS is 
required to accurately diagnose its presence. Chapter two of my thesis explored the 
prevalence of OPA and SA in children referred for MBS in the largest published cohort of 
children to date (300 children) and whether specific body system impairment or medical 
diagnoses were associated with OPA or SA.24 This chapter demonstrated that 34% of 
children referred to MBS demonstrated OPA and that the majority (81%) of these children 
had silent aspiration (ie absence of cough within 20 seconds of the aspiration event). The 
large sample size allowed for regression analysis of risk factors associated with OPA and 
SA, and found limited diagnoses were specifically associated with OPA and SA. 
Diagnoses with a statistically significant increased association with SA were neurologic 
impairment, developmental delay, aspiration lung disease and enteral feeding, and 
children with SA were more likely to have these diagnoses than those who had overt 
aspiration. My hypothesis that children with SA were more likely to have neurological 
disease than those with overt aspiration (including a cough response) was confirmed. 
Contrary to other studies,23 I found that age was not significantly associated with either 
OPA or SA. Gender, GOR, recurrent respiratory tract infections and asthma were similar in 
children with OPA, silent aspiration and overt aspiration, and were no more likely to be 
associated with one particular form of OPA than another. With the exception of 
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neurological disease and developmental delay, the paucity of specific diagnoses strongly 
associated with OPA or SA indicates that presence of OPA/SA cannot be determined by 
diagnosis alone, and children presenting with oropharyngeal dysphagia or feeding 
difficulties require a MBS in addition to the CFE to accurately detect OPA and SA.  
 
Chapter 3 of this thesis further explored my major hypothesis by investigating whether 
clinical signs of OPA and pharyngeal phase dysfunction observed in the CFE, were related 
to objective radiographic signs on MBS.25 To date, limited research has been done in 
children to investigate the relationship of specific signs and symptoms with 
radiographically-identified OPA and pharyngeal dysphagia across food and fluid textures in 
children.26 My hypothesis that specific radiographic signs (OPA, ILP and PSR) would be 
associated with limited clinical signs and symptoms was realised. Sensitivities and 
specificities for clinical markers for thin fluid OPA on MBS (wet voice, wet breathing and 
cough) and post-swallow residue (PSR) on thin fluid (cough) were determined. However 
no clinical markers were significantly associated with ILP on thin fluids, or for any type of 
radiographic sign (OPA, ILP or PSR) on purees. These findings suggest that ILP is not 
detectable during clinical evaluation and that if clinical signs of wet breathing, wet voice, 
and/ cough are noted, then likely an aspiration event (OPA) has occurred. Although LP 
and OPA are on a continuum on the PAS,27 it is possible that ILP and OPA have different 
consequences, and may need to treated differently in terms of their relative importance to 
children’s clinical presentations, findings on MBS, and subsequent treatment 
recommendations. Differentiating ILP from LP which might occur with OPA on a given 
consistency, both clinically and for statistical analysis in research studies may increase our 
understanding of OPA and its presentations and health effects. This chapter also added 
important information about the relationships between age and neurological status with 
different types clinical signs/markers and radiographic signs of OPA and pharyngeal 
dysphagia in children.25 Again, this chapter of my thesis further supported our hypothesis 
that MBS in addition to the CFE was required to accurately detect OPA and pharyngeal 
phase dysphagia in children. 
 
Chapter 4 of this thesis investigated a minor hypothesis that children undergoing a MBS 
would receive radiation doses within an acceptable range for a paediatric test. This 
chapter documented prospectively collected novel data on screening times, DAP and 
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effective dose in children, in addition to documenting differences based on age.28 Younger 
children were found to have greater doses for the same screening time, than older 
children. However, doses for all children were found to be well under those of other 
radiographic tests such as upper gastrointestinal contrast studies, or tests of aspiration 
such as nuclear scintigraphy or salivagrams.29 Novel data about which child and 
procedural factors were associated with increased associated with radiation dose (younger 
age, female gender, height, total number of swallows, DAP & screening time) and 
screening time (DAP, kVp, total number of swallows) in children were reported. This 
chapter supported my hypothesis that the children undergoing MBS for evaluation of OPA 
and pharyngeal dysphagia would have radiation doses in an acceptable range for a 
paediatric test and provides further support for its inclusion in the test battery for evaluation 
of OPA and pharyngeal phase dysphagia in children. 
 
Chapter 5 of this thesis addressed another minor hypothesis, that OPA would be positively 
associated with pneumonia.30 Previous studies have reported that OPA is the leading 
cause of recurrent pneumonia, accounting for 48% of children admitted to hospital with 
recurrent pneumonia31 and a large range of acute and chronic respiratory sequelae.32,33 
When this thesis commenced, the general understanding about the association between 
OPA and pneumonia was that a positive linear relationship existed with OPA directly 
causing pneumonia and, that the thicker the aspirated material (thin fluid, thickened fluid, 
puree), the higher the likelihood of pneumonia.23 My study of OPA and pneumonia 
(according to the WHO definition) in children found that children with thin fluid OPA or PSR 
on purees had an increased odds ratio for pneumonia on univariate analysis, but that this 
was no longer significant following regression analysis. Factors associated with 
pneumonia following regression analysis included diagnoses of asthma, Down syndrome, 
GERD, and history of moist cough, lower respiratory tract infections, oxygen 
supplementation and multisystem involvement. Thus, my minor hypothesis was not 
supported by the study results and this raises further research questions as to what 
specific sequelae are associated with OPA and whether OPA is harmful.     
 
Following the identification of thin fluid aspiration on MBS, the recommendation is, most 
often, to eliminate that consistency from the individual’s diet or oral intake. However, the 
‘free water protocol’ is one intervention being trialled in adult individuals with known thin 
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fluid aspiration demonstrated by MBS. This protocol allows the patient access to sterile 
water outside of mealtimes in addition to thickened fluids consumed during mealtimes, and 
maintaining a good oral hygiene program. Three studies reported increased patient 
satisfaction, increased total oral fluid intake and no association with pneumonia or other 
adverse effects in adult patients with stroke, traumatic brain injury and spinal cord injury.34-
36  However a more recent study has found lung related problems, aspiration pneumonia 
and bibasal crepitations in the water protocol group. I undertook a systematic review of this 
intervention for children (chapter 6) and found no studies to support either allowing or 
restricting oral water ingestion for children with MBS-identified OPA on thin fluid. Thus, 
further research into this intervention is needed for the paediatric population. 
 
Chapter 7 related to part of the overarching hypothesis, that the use of MBS is required to 
accurately detect OPA and other forms of pharyngeal phase dysfunction, to inform 
management recommendations. My findings, that 35 children (23.3%) changed their 
method of feeding and 104 children (69.3%) changed food and/or fluid recommendations 
(either upgraded or downgraded) following MBS, supported this hypothesis adding weight 
to findings of a previous, smaller study of 33 children.37 Furthermore, this chapter 
described the frequency of a range of recommendations (compensatory strategies, direct 
and indirect recommendations, and parent training) and their association with specific 
radiographic findings of pharyngeal phase swallowing dysfunction (DSR, NPR, ILP, OPA, 
SA, and PSR). Children with OPA and severe PSR were significantly more likely to be 
prescribed total non-oral feeding with associated non-nutritive oral sensorimotor programs, 
oral care/hygiene programs, and parent training, whilst children with ILP were more likely 
to be on full oral feeding with modified (thickened) fluids and use of swallowing strategies. 
The differences between OPA and ILP, shown in their association with clinical signs and 
pneumonia, were again observed in their association with different management 
recommendations. While this prospective data on 150 children represents consensus 
recommendations made by clinicians at a single institution, it is the first, comprehensive 
study to directly link a range of radiographic findings with treatment/management 
recommendations following MBS in children. This provides a necessary foundation from 
which to study specific treatment recommendations for pharyngeal phase dysphagia in 
children, in greater detail. 
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This group of studies was undertaken with children who were referred for a clinical feeding 
evaluation (either the interdisciplinary feeding team or single speech pathology consult for 
feeding) and/or an MBS in a tertiary paediatric hospital. The Royal Children’s Hospital 
provides feeding assessment services for the local community (albeit requiring a referral 
from a paediatrician) in addition to those attending the hospital for tertiary medical care. As 
such, the RCH provides services to children with a wide range of feeding difficulties and 
acuity level including delays in feeding skill development, behavioural and/or sensory 
based feeding difficulties and food refusal, acute/chronic dysphagia resulting from 
congenital/genetic anomalies and syndromes, acquired dysphagia (e.g. acquired brain 
injury, caustic burn injury), gastrointestinal, respiratory and neurologically based 
dysphagia. Through use of the body systems classification adapted from Burklow et al,1 
and recording of a wide range of medical diagnoses, we found the children were a 
heterogeneous group ranging from having none (6%), one (41.3%), and up to six (0.7%) 
body systems affected, with a median number of  two body systems.30 The cohorts also 
included neurologically normal children presenting with feeding difficulties, ongoing 
respiratory issues and suspected aspiration. All children were referred through to the MBS 
clinic based on clinical signs suggestive of aspiration. Hence, the findings of these studies 
are applicable to the wider population of children within the community who present with 
clinical signs of aspiration (cough, wet breathing, wet voice, congestion with 
feeds/mealtimes) regardless of the presence/absence of a specific medical diagnosis or 
neurological impairment.8,38  
 
When assessing children presenting with feeding difficulties or dysphagia, the findings in 
this thesis24,25,30 and others26,38 strongly support the inclusion of an extensive list of clinical 
signs suggestive of aspiration/pharyngeal phase dysfunction to systematically observe 
signs across different food/fluid textures and increase the reliability of the CFE to detect 
aspiration and/or other forms of swallowing dysfunction. These signs include: cough, wet 
voice, wet breathing, wheeze, stridor, throat clearing, gagging, choking, desaturations 
and/or apnoeas during feeding, laboured breathing and temperature spikes.25 Additionally 
we suggest inclusion of fremitus/rattly chest during/after meals and nasal congestion 
(associated nasopharyngeal backflow), although further research is required to investigate 
these signs and their association with pharyngeal phase dysfunction. Our work identified 
that particularly cough, wet voice and wet breathing were significantly associated with 
OPA,25 and that ‘silent aspiration’ (aspiration without a cough response) had increased 
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prevalence in a paediatric population as against adults.24 Additionally, a recent clinimetric 
review identified that current ‘formal measures’ of oropharyngeal dysphagia varied in the 
number and types of pharyngeal behaviours included (including clinical signs), and that 
there was limited validity of current OPD measures.39 This suggests that regardless of the 
demographics of the child or location of the CFE (hospital or community), inclusion of a 
specific list of clinical signs (suggested above) in any clinical evaluation of 
feeding/swallowing difficulties is necessary. Although previous literature has suggested the 
CFE has poor ability to detect aspiration, De Matteo and colleagues reported that the CFE 
had a good sensitivity (92%), but lower specificity (46%) in detecting thin fluid aspiration; 
and good sensitivity (80%) and lower specificity (42%) for thin fluid penetration when 
compared with the MBS/VFSS as the gold standard.26 Both their study and ours indicated 
the poor sensitivity of CFE to detect aspiration on purees/solids, although this might 
improve in the future with further work on the use of cervical auscultation during the CFE.40 
De Matteo and colleagues used a more restricted set of clinical signs than that included in 
our research, and presented various models of clusters of clinical signs associated with LP 
and OPA, in order to reach statistical significance. They noted that cough was the most 
significant predictor of aspiration and penetration (no other signs were independently 
significant), but models were strengthened with the addition of other variables. Cough, 
voice changes and gag gave the best relative risk for thin fluid aspiration (1.7). We were 
interested in looking at the sensitivity/specificity of individual signs in identifying OPA, but 
by no means suggest limiting focus to just one or two signs to detect OPA. We suspected 
(and found) a high rate of silent aspiration in our paediatric cohort24 – aspiration without 
cough – and were particularly interested in identifying other clinical signs (aside from 
cough) to increase our ability to detect aspiration in the clinical context. Regardless of the 
different models used, both studies support systematic evaluation of a range of clinical 
signs/symptoms suggestive of OPA/pharyngeal phase dysfunction, across different food 
textures/fluids, in any CFE to determine a child’s aspiration risk, and other forms of 
pharyngeal phase dysfunction (e.g. nasopharyngeal reflux, post-swallow residue) and the 
necessity for further referral for MBS/VFSS or other instrumental evaluation of swallowing. 
While we have identified that children with silent aspiration had a higher association with 
neurologic impairment, cerebral palsy, aspiration lung disease and enteral feeding and 
likely to require MBS evaluation, the clinical signs observed during the CFE (and reported 
by parents over time) regardless of diagnoses or location, are the clinical indicators for 
progression to further diagnostic instrumental evaluation (MBS, FEES). 
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When looking at age related differences in clinical signs, medical diagnoses and 
pneumonia associated with OPA, children were stratified into two groups: ≤1 year versus 
>1 year in most of our studies. This was done for a variety of reasons. Firstly, when 
looking the relationship between OPA and pneumonia, I wanted to replicate Taniguchi and 
Moyer’s study,23 being the only study investigating this relationship in children at time of 
commencing the thesis, and which used these age groupings. Secondly, the literature 
reporting age related differences in clinical signs of aspiration used descriptors such as 
young infants (0-6 months) versus older infants and children (>6 months).32,41,42  
Thirdly, whilst information on age-related vital signs (e.g. respiratory rate, pulse rate, and 
blood pressure) are generally divided into 4 age categories (neonate: 0-28 days; infant: 1 -
12 months; child: 1-8 years; and adult: >8 years to adult),43 there would not have been 
sufficient statistical power for analyses had we used these groupings, particularly since our 
cohort was skewed to a very young age. The distribution of children in the various sub-
studies in my thesis were ≤1 month: 7-7.8%; ≤1 year: 29-30%, 1-8 years: approximately 
53%; and >8-20 year: approximately 10%. The median ages across the various cohorts 
ranged from 16-17.5 months. Hence, grouping the neonates and infants into the ≤1 year 
group versus all other children in the >1 year group, enabled adequate statistical power for 
analyses. This grouping is also consistent with later research by Kelly and colleagues, who 
reported that swallow-respiratory timing in infants had stabilised and approximated adult 
findings by 12 months of age.44-47 The only exception to the use of these groupings, was in 
the radiation dosage paper28 where we used 3 age groups: ≤1year, >1-3 years, and >3 
years. This decision was made due to anatomical changes in infant/children’s head and 
neck size (usually in the field of view during MBS) in relation to height/total body mass. By 
3 years of age, children’s head and neck anatomy in relation to height approximates that of 
an adult. The age related findings associated with clinical signs and symptoms of OPA25 
and radiation dose28 have been reported and discussed earlier in the relevant studies, as 
have the lack of association between age and the incidence of OPA and SA or pneumonia 
related to OPA.24,30  
  
8.2  Limitations of the thesis  
The limitations of the research undertaken in this thesis are stated within each chapter. 
The study of OPA and SA in children (chapter 2) would have been strengthened if all 
children had had a thin fluid, which may have increased the aspiration rate detected. This 
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is also true for the clinical signs and symptoms of OPA paper in chapter 3. For all papers, 
(chapters 2, 3, 5, 6) medical diagnoses were determined through chart review and 
according to the International Classification of Diseases classifications, however variability 
will inevitably occur through inconsistently applied definitions across medical practitioners. 
The clinical signs and symptoms paper (chapter 3) and OPA and pneumonia papers 
(chapter 5) used a retrospective design, and would have been strengthened using a 
prospective design. 
One limitation of the radiation doses study (chapter 4), was that there was no assessment 
of ‘diagnostic quality’ of the fluoroscopic studies conducted by a radiology registrar or 
fellow, as against an attending paediatric radiologist (consultant). While there was no 
difference in total screening time based on experience, studies were usually terminated 
when it reached a time limit of 2-3 minutes. Having a record of screening time expended in 
setting up the field of view prior to the first food or liquid swallow, may provide more data 
on the experience of the fluoroscopist on ‘unusable’ or non-diagnostic screening time and 
radiation dose.  
It is acknowledged that a major limitation of the management recommendations paper 
(chapter 6), although a prospective design and requiring consensus for recommendations 
between two speech pathologists very experienced in MBS interpretation and treatment of 
OPA, may only reflect the opinions of those clinicians or practice at one institution. Further 
studies into the inter-rater reliability of management recommendations for children 
following MBS, and specific intervention studies are required. 
 
8.3  Conclusion 
My studies in this thesis have shown that OPA is a common (34%) and a clinically 
important issue in children presenting with oropharyngeal dysphagia (feeding and 
swallowing difficulties). Risk factors for any aspiration type (OPA or SA) are children with a 
neurological condition, developmental delay or the presence of enteral feeding, although 
the latter is the effect rather than the cause. While adults often have overt signs of 
aspiration, OPA in children is likely to be ‘silent’ or occur without a cough in children, 
particularly those with neurological system impairment.  
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While the CFE is generally used in the assessment of children with oropharyngeal 
dysphagia, there are few clinical markers to identify OPA when compared to objective 
tests. Studies in my thesis have demonstrated that the best clinical markers for OPA were 
presence of wet voice, wet breathing and cough during a CFE. However, these signs were 
evident only for thin fluids; no clinical markers were significant indicators for OPA on foods 
of denser consistency such as purees. Also, no clinical markers were significantly 
associated with ILP on any consistency, suggesting that it is undetectable at the bedside.  
 
Thus, objective tests like the MBS remain the gold standard in the assessment of OPA. It 
remains a necessary test when evaluating children with OPD. As radiation is harmful, 
especially to very young children, it was important to quantify the radiation doses received 
my children underdoing an MBS. It was found that the doses received were generally safe 
as it was well below the dose limit of 1 mSv per year for public exposure suggested by 
Australian Radiation Protection and Nuclear Safety Agency (ARPANZA). With respect to 
increased radiation risks, young age and female gender were significant patient-related 
factors associated with increased radiation dose received during MBS studies.  
 
My studies have also demonstrated that the previous concept of a linear relationship 
between the presence of OPA and the pneumonia in the literature is flawed. When other 
risk factors for pneumonia are controlled for, OPA was not significantly associated with 
WHO-defined clinical pneumonia in children. It highlights the need for further research to 
fully understand the effects of OPA and other forms of aspiration, in the context of each 
child, their particular medical profile, physical function and environment. OPA should not 
be the assumed cause, when a child with neurological impairment and OPD presents with 
pneumonia, without appropriate clinical and objective evaluation (e.g. MBS).  
 
In the review of speech pathology interventions for OPA and pharyngeal phase dysphagia 
identified on MBS, my studies found that speech pathologists recommended nil by mouth 
status and non-oral feeding for children with OPA and NPR whereas children with ILP and 
DSR continued full oral intake with modifications. While this is common practice, there is a 
lack of evidence for its practice. Finally, in the Cochrane review for oral water restriction for 
children with thin fluid OPA, there was an absence of studies that have evaluated oral 
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water restriction or ingestion in the management of thin fluid OPA in children. This further 
supports the need to treat ILP and OPA separately for classification and analysis when 
investigating clinical signs, effects of OPA, and relationship to respiratory disease and 
management recommendations. These studies highlight the need for better evidence in 
the practice of OPA and OPD in children.  
 
8.4   Future Research 
Many clinical and research questions remain about OPD and OPA from the speech 
pathologists’ perspective. Some of these are highlighted below.  
 
8.4.1  Relationships between oropharyngeal aspiration, pneumonia and other 
respiratory sequelae in children 
The relationship between OPA and other forms of aspiration, such as salivary and reflux 
aspiration, and pneumonia and other respiratory sequelae in children should be further 
explored.  
 
8.4.1.1  Population study establishing the prevalence of oropharyngeal dysphagia 
and clinical signs of OPA/pharyngeal phase difficulties in young children 
Present estimates of feeding difficulties range from 25-40% in children who are otherwise 
well and between 33-80% in children with developmental disabilities.1-3,5,6,48 The incidence 
of swallowing dysfunction (pharyngeal phase dysphagia) is unknown.49 Much of the data 
on feeding difficulties in typically developing children relates to food refusal or fussy/picky 
eating, as against that in children with developmental disabilities or those presenting to 
interdisciplinary feeding teams, who present with a range of issues including  oral sensory 
and oral motor difficulties, food aversions, and swallowing difficulties or OPA. Thus it is 
difficult to compare the prevalence of ‘oropharyngeal dysphagia’ or OPA in specific 
populations with typically developing children, as the underlying problems or case 
definition in each group appear to be different.  
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Further data on clinical signs of OPA/pharyngeal phase dysfunction, and type of feeding or 
swallowing difficulty across a range of age appropriate food/fluid textures in healthy young 
children are required to provide a baseline for comparison for the clinical presentation of 
oropharyngeal dysphagia and OPA in children presenting with feeding problems. The 
studies in my thesis were solely on referred children in a tertiary hospital and there is no 
such data in the community. Future studies should include both healthy, developmentally 
appropriate children and those with medical co-morbidities/specific 
diagnoses/developmental delay across a range of gross motor functional abilities to get a 
more accurate estimate of the true prevalence of oropharyngeal dysphagia and OPA in 
children. This would provide important information about the scope of the problem, assist 
the development of surveillance mechanisms, and determine the need for intervention. 
 
8.4.1.2 Prospective studies investigating pneumonia and respiratory sequelae in 
children with OPA   
While this thesis provided evidence that children with MBS-identified OPA had no 
statistically significant higher incidence of WHO-defined pneumonia than those without 
OPA, further research into a number of issues related to OPA in children is required. Some 
of these include:  
• Properties of OPA and respiratory sequelae: Further work into the properties of 
aspirated food/fluids, such as volume, texture and acidity of aspirated food/fluids 
and their association with the development of pneumonia and/or other respiratory 
sequelae and their specific effects in children are required. The contribution of 
other host factors that influence the respiratory system such as medical and 
environmental factors (medical diagnoses, atopy status, oral cares,medications, 
passive smoke exposure, child care attendance, etc) should also be taken into 
account. This work will contribute to our understanding of the interaction between 
properties of aspirated food and fluids itself, and protective and risk factors in terms 
of the development of respiratory sequelae for each child. 
 
• Development and validation of a paediatric dysphagia quality of life instrument. A 
number of quality of life instruments including the ‘Swal-Qual’ are available to 
measure quality of life in adults with OPD but no such instrument exists for children 
with OPA/OPD or their families.  An instrument such as this would provide much 
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needed information on quality of life in children with OPA and their families to 
inform management programs. 
 
• Burden of care for children with OPA and their families: Data on the quality of life 
and economic costs of children with OPA are required. This includes 
measurements of including quality of life issues and burden such as days off 
daycare/school for respiratory illness, access to daycare/educational facilities for 
children with OPA  requiring special feeding equipment, parent/carer time spent in 
daily cares and cost associated with use of special feeding equipment (e.g. use 
and care of feeding pumps, thickeners, etc), costs associated hospitalisations for 
respiratory-based illness (to facilities and families), and effects on family life and 
relationships for carers of children with chronic OPA and OPD. 
 
8.4.2 Improving the accuracy of the CFE 
8.4.2.1  Use of cervical auscultation to improve detection of OPA in children 
Observation of feeding and swallowing skills during a CFE is often the first assessment 
that a child will receive in the evaluation process. Decisions about whether or not a child 
will progress to objective evaluation are made from these results. Further research is 
required to improve the sensitivity of the CFE to detect OPA and other pharyngeal phase 
dysphagia through the use of simple, portable, and low cost tools such as cervical 
auscultation. Cervical auscultation (CA) is the use of a stethoscope or laryngeal 
microphone to listen to swallowing sounds whilst ingesting food or fluids. Swallowing 
sound profiles and acoustic profiles (duration, frequency and intensity) of normal and 
abnormal swallowing of fluids and solid foods have been described in adult populations. 
However, minimal literature is available in paediatrics and none of the existing studies 
evaluated the effectiveness of CA in determining OPA compared to objective evaluations 
such as MBS or FEES. This technique may have the potential to improve clinical detection 
of fluid and solid OPA, which this thesis has shown as a serious limitation of the CFE 
(chapter 3).  
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8.4.3  Management of children with OPA  
 
8.4.3.1  Prospective study investigating the effects of oral water ingestion for children 
with thin fluid OPA 
Being able to offer evidence-based feeding recommendations which are acceptable to the 
child and family preferences is crucial. Often parents of children with OPA are advised 
against oral feeding including water. Adult studies using the ‘free water protocol’ have 
demonstrated no increase in pneumonia in adult patients (post-CVA) who were allowed 
free access to cooled, boiled water. However they did not evaluate important clinical signs 
such as chronic cough or development of chronic respiratory disease nor report on quality 
of life. Thus, a randomised controlled trial is required to examine the respiratory 
consequences of using the ‘free water protocol’ in children with thin fluid aspiration. The 
RCT would need to include not just pneumonia, but other respiratory sequelae, and control 
for variables such as age, gender, disease process and co-morbidities, severity of OPA 
and OPD, dentition and oral cares and environmental factors associated with pneumonia 
and respiratory disease.  
 
8.5  Summary 
My thesis has demonstrated that previously held, simplistic notions related to OPA and its 
relationship with pneumonia in children, are erroneous. When controlling for other risk 
factors for pneumonia, OPA became non-significant. It has demonstrated that OPA and 
SA are prevalent in young children, and that very few specific medical diagnoses or 
conditions were significantly associated with OPA or SA (neurological impairment, 
developmental delay, a clinical diagnosis of aspiration lung disease, and use of enteral 
feeding). Likewise very few clinical markers, only wet voice, wet breathing and cough, 
were associated with thin fluid OPA, whilst none were associated with OPA on purees or 
other forms of pharyngeal phase dysphagia. Thus, while this work highlighted some 
medical diagnoses and clinical signs on thin fluids that can be detected during the CFE, it 
continues to support the need for objective evaluation by MBS (or FEES if available) to 
accurately identify OPA and provide complementary information to the CFE to determine 
management recommendations. This thesis also presented novel data about radiation 
doses to children having a MBS, supporting its use in the diagnostic process for OPD and 
197
OPA in children. Finally, I have presented suggestions for future research to increase our 
understanding of OPA and its management related to prevention of chronic respiratory 
disease in children. 
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 Referring Clinicians MBS Pre-Assessment Form 
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MODIFIED BARIUM SWALLOW PRE-ASSESSMENT FORM 
 
 
 
 
 
 
 
 
CURRENT STATUS: 
Method of intake:   Full nutrition orally            Fully tube fed                     Mixed oral & tube feeding  
Respiratory Assistance:   Oxygen/nasal prongs       Nasopharyngeal tube       Tracheostomy tube    
Type of tube feeding: Textures taken by tube: Textures taken orally: Positioning 
Orogastric  
Nasogastric  
Gastrostomy  
Transpyloric  
 
Fundoplication    
All textures  
Liquids  
Semisolids  
All textures       
Thin Fluids        
AR Thick Fluid        
Mild/Mod/Ext Thick       
Fluids                          
Smooth Puree      
Lumpy Semisolids     
Chewable Solids        
Infant/Fraser seat      
Booster Seat              
Regular furniture        
Individual system       
Head supports           
Trunk supports           
Side lying                   
Specific Food Allergy or 
Intolerance 
No    Yes  Describe: 
RESPIRATORY SYMPTOMS / SIGNS SUGGESTIVE OF ASPIRATION / PHARYNGEAL IMPAIRMENTS 
WITH ORAL FEEDING: 
Clinical Sign: Thin 
Fluid 
AR Thk 
Fluid 
Mild Thk 
Fluid 
Mod Thk 
 Fluid 
Ext 
Thk   
Fluid 
Puree /  
Paste 
Semisolid 
Lumpy 
Solid 
Chewable 
Gagging         
Coughing         
Choking         
Throat Clearing         
Multiple swallows         
Wheeze         
Stridor         
Increased respiratory rate         
Laboured breathing         
Wet breathing         
Congestion after feeds         
Wet vocalisations         
Nasal congestion / snuffly nose 
during / after feeds 
        
Eye tearing         
Colour changes         
Temperature spikes          
Refusal to take texture         
RESULTS OF CLINICAL EVALUATION: 
Texture: Feeding Performance (Oral & Pharyngeal Phases) 
Bottle Feeding:                                   N/A  
Type of Bottle:________________________ 
Type of Teat: ________________________ 
Type of Flow: Hole    Cross-cut       Slit 
 
Flow Rate: Fast         Medium     Slow   
Oral phase function:                             mild / moderate / severe impairment 
Pharyngeal phase function:                  mild / moderate / severe impairment  
Describe: 
 
Spoon Feeding:                                  N/A  
Smooth puree / paste     Lumpy-mashed  
Type of Spoon: _______________________ 
Fully-dependent                  Self-Feeding 
 
Partially-dependent  
Oral phase function:                             mild / moderate / severe impairment 
Pharyngeal phase function:                  mild / moderate / severe impairment 
Describe: 
 
 
Chewable Solids:                                N/A 
 
Soft solids                    Particulate solids 
 
Fully-dependent                  Self-Feeding 
 
Partially-dependent  
 
Oral phase function:                             mild / moderate / severe impairment 
Pharyngeal phase function:                  mild / moderate / severe impairment 
Describe: 
Cup Drinking:                                      N/A Oral phase function:                             mild / moderate / severe impairment 
 
Insert Patient Sticker Here 
Name: 
UR: 
DOB:                 Chronological Age: 
Parent’s Names: 
Medical Diagnosis: 
Previous MBS?: No  Yes  
Date:__________________ 
Clinical Asst?:   No  Yes  
Date:________SP:__________ 
Reason for Referral:  
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 
Spout cup     Open cup      Cut-out cup 
 
Type of Cup: _______________________ 
Fully-dependent                  Self-Feeding 
 
Partially-dependent  
Pharyngeal phase function:                  mild / moderate / severe impairment 
Describe: 
 
 
 
PRIMARY CONCERNS WITH ORAL FEEDING FOR CURRENT INVESTIGATION: 
Oral Phase Pharyngeal Phase 
 Bottle feeding: SSB coordination  Aspiration on fluids: thin / nectar / thick / all 
 Control of fluid bolus: thin / nectar / thick / all  Aspiration on Semisolids: smooth / lumpy / both 
 Control of semisolids: smooth / lumpy / both  Pharyngeal clearance: fluids / semisolids / both 
 Chewing function  Asymmetry / Unilateral paralysis 
 Oral clearance   
 Other (describe): 
 
TEXTURES /PROTOCOLS THAT MUST BE INCLUDED FOR TODAY’S INVESTIGATION: 
Views / Positioning / Utensils Textures Swallowing Strategies 
 Lateral views only  All textures  Chin Tuck 
 AP views only  Thin Liquids  Head turn 
 Lateral and AP views   Nectar Liquids  Head tilt 
 Side lying  Thick Liquids  Supraglottic swallow 
 Semireclined 
(fraser/VIC) 
 Smooth Semisolids  Mendelsohn manoeuvre 
 Effortful swallow 
 Upright (fraser / VIC)  Lumpy Semisolids  Adduction exercises 
 Bottle:  Chewable Solids  Thermotactile stimulation 
 Teat:    Pacing 
 Spout Cup / Cup   
 
TEXTURES /PROTOCOLS THAT CAN BE INCLUDED IF TIME: 
 
 
 
 
 
PROPOSED PROTOCOL: 
 Standard / Lateral:  Non-Standard: 
2x 3ml paste (5ml for older children)  Lateral        Antero-posterior    Both 
2x 3ml lumpy mash (5ml for older children) 1. 
2x bite of biscuit 2. 
2x presentation / continuous of thin liquid 
(cup/bottle/syringe) 
3. 
2x presentation / continuous of thick liquid 
(cup/bottle/syringe) 
4. 
Bottle feed - continuous sucking for approx 15-20 sucks, 
then random screening over 50 ml. 
5. 
  
PREFERRED / TOLERATED FOODS OR TASTES: 
 
 
 
ALLERGIES / FOODS TO AVOID: 
 
 
OTHER INFORMATION: 
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 Modified Barium Swallow Data Analysis Sheet 
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MODIFIED BARIUM SWALLOW STUDY 
Date: 
Referred By: 
Medical Diagnosis: 
 
Reason for Referral: 
 
Feeding Status: 
Video No:  
 
 
 
AFFIX PATIENT ID LABEL 
HERE 
PRESENTATION         
Bottle/ Haberman/ syringe/ cup/ spoon/ pacifier:         
Volume taken:         
Consistency:         
ORAL PHASE PREPARATORY         
1. Spillage from lips         
2. Tongue thrust         
3. Tongue protrusion – retraction (suckle)         
4. Tongue up/down suck         
5. Impaired tongue movement (eg.no movt / lat)         
6. Impaired jaw movement (Opening, Bite, ROM, control)         
7. Bolus formation impaired         
8. Chewing impaired (grading/munching/rotary-diagonal)         
9. Piecemeal deglutition         
ORAL PHASE PROPER         
10. Hesitancy         
11. Forward tongue thrust         
12. Repetitive tongue pumping          
13. Oral transit impaired          
14. Gagging / hypersensitivity         
15. Premature spillage - valleculae         
16. Premature spillage - pyriform         
17. Lingual-palate contact impaired         
18. Palatal closure incomplete         
19. Oral residue (ant / lat sulcus / palate / tongue)         
20. Suckle / suck:  swallow ratio         
21. Swallows to clear         
22. ORAL TRANSIT TIME (Av OTT= 1.0 secs)         
PHARYNGEAL PHASE         
22. Onset delayed         
23. Palatal closure incomplete         
24. Nasal Regurgitation         
25. Pharyngeal regurgitation into mouth         
26. Vallecular residue         
27. Hypopharyngeal residue          
28. Pyriform residue         
29. Peristalsis impaired         
30. Laryngeal penetration: epiglottic undercoating         
31. Laryngeal penetration: Laryn. Vestibule/ vcs         
32. Laryngeal penetration: clears with cough/swl         
33. Aspiration          i.  BEFORE         
ii.  DURING         
iii. AFTER swallow         
34. Silent aspiration (no cough / post 20 secs)         
35. Spontaneous cough -activated delayed: 6-19s         
36. Spontaneous cough – ineffective  clearance          
37. Spontaneous cough – prompt & effective         
38. Laryngeal elevation impaired         
39. Impaired / Delayed Opening UOS         
40. Cricopnaryngeal bar present         
41. Epiglottic movement impaired         
42. PHARYNGEAL TRANSIT TIME (0.3-1.0 sec)         
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OESOPHAGEAL PHASE         
43. Reflux (oesophageal/pharyngeal)         
44. Bolus Passage impaired         
45. Achalasia         
46. Oesophageal stricture         
47. Oesophageal spasm         
48. Oesophageal peristalsis impaired         
ANATOMIC         
49. TE fistula         
50. Haemangioma         
51. Mass         
52. Laryngomalacia         
53. Other malformation         
         
AP VIEW         
54. Asymmetric bolus flow         
55. Residue in vallecular (L/R)         
56. Residue in Piriform sinus (L/R)         
57. Vocal cord movement         
58. Vocal cord height         
THERAPEUTIC MANOEUVRES         
59. Bolus size         
60. Neck flexion         
61. Neck extension         
62. Head rotation         
63. Head tilt         
64. Supraglottic swallow         
65. Super SGS         
66. Mendelsohn manoeuvre         
  
DIAGNOSIS:  
  
Description of   
Pathophysiology:  
  
  
  
  
MANAGEMENT:  
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BOTTLE – FEEDING  
PRESENTATION         
Pacifier / Syringe  
Teat Shape: Regular / Orthodontic / Peristaltic 
Flow: Hole / Cross-cut / Slow / Medium / Fast 
Bottle: Normal / Squeeze Bottle / Haberman 
        
Volume taken:         
Consistency:         
ORAL PREPARATORY & ORAL TRANSIT         
1. Lip seal / Spillage from lips         
2. Tongue cupping around teat         
3. Retracted tongue position         
4. Tongue protrusion – retraction (suckle)         
5. Tongue up/down suck         
6. Rhythmic stripping movements         
7. Impaired tongue movement (eg.no movt / lat)         
8. Jaw excursion (small / large / poor stability)         
9. Suction pressure: observable fluid flow         
10. Hesitancy         
11. Forward tongue thrust         
12. Repetitive tongue pumping         
13. Gagging / hypersensitivity         
14. Premature spillage - valleculae         
15. Premature spillage - pyriform         
16. Lingual-palate contact impaired         
17. Palatal closure incomplete         
18. Oral residue (ant / lat sulcus / palate / tongue)         
19. Suckle / suck:  swallow ratio         
20. Swallows to clear following final swallow in 
sucking sequence. 
        
21. ORAL TRANSIT TIME (Av OTT= 1.0 secs)         
PHARYNGEAL PHASE         
22. Onset delayed         
23. Nasal Regurgitation         
24. Pharyngeal regurgitation into mouth         
25. Vallecular residue         
26. Hypopharyngeal residue          
27. Pyriform residue         
28. Peristalsis impaired         
29. Laryngeal penetration: epiglottic undercoating         
30. Laryngeal penetration: Laryn. Vestibule/ vcs         
31. Laryngeal penetration: clears with cough/swl         
32. Aspiration    BEFORE         
33.                     DURING         
34.                    AFTER    swallow         
35. Silent aspiration (no cough / post 20 secs)         
36. Spontaneous cough -activated delayed: 6-19s         
37. Spontaneous cough – ineffective  clearance          
38. Spontaneous cough – prompt & effective         
39. Laryngeal elevation impaired         
40. Impaired / Delayed Opening UOS         
41. Cricopharyngeal bar present         
42. Epiglottic movement impaired         
43. PHARYNGEAL TRANSIT TIME (0.3-1.0 sec)         
44. Coordinated suck-swallow-breath sequence         
45. Impaired respiratory (apneoa, breath-holding)         
  
  
209
 
OESOPHAGEAL PHASE         
46. Reflux (oesophageal/pharyngeal)         
47. Bolus Passage impaired         
48. Achalasia         
49. Oesophageal stricture         
50. Oesophageal spasm         
51. Oesophageal peristalsis impaired         
ANATOMIC         
52. TE fistula         
53. Haemangioma         
54. Mass         
55. Laryngomalacia         
56. Other malformation         
         
AP VIEW         
57. Asymmetric bolus flow         
58. Residue in vallecular (L/R)         
59. Residue in Piriform sinus (L/R)         
60. Vocal cord movement         
61. Vocal cord height         
THERAPEUTIC MANOEUVRES         
62. Bolus size         
63. Neck flexion         
64. Neck extension         
65. Head rotation         
66. Head tilt         
67. Supraglottic swallow         
68. Super SGS         
69. Mendelsohn manoeuvre         
  
DIAGNOSIS:  
  
Description of   
Pathophysiology:  
  
  
  
  
MANAGEMENT:  
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ROYAL CHILDREN’S HOSPITAL 
FEEDING & THERAPEUTIC RECOMMENDATIONS FOLLOWING MBS 
Feeding Method Oral Textures Recommended 
 Full oral - no modifications 
 Full oral - modifications 
 Combined oral & non-oral 
 Non-oral – tastes allowed 
Total Non-oral – no tastes 
Fluids Puree/Semisolids Solids 
 Extremely thick fluids 
 Moderately thick fluids 
 Mildly thick fluids 
 Anti–Regurgitation “AR”  
/ Pouring cream thick fluids 
 Thin fluids 
 No fluids orally 
 Semisolid / Lumpy 
 No semisolids orally 
 Puree 
 No puree orally 
 Particulate solids 
 Soft solids 
 No solids orally 
Positioning changes Non-Oral Program 
 
Foods in Therapy Sessions &  
Food Alterations / Presentation 
 Positioning equipment 
(chair / pillows / etc) 
 External support of 
feeding structures 
 Upright positioning 
 Semi-reclined 
 Sidelying 
 Parent’s feeding 
position 
 Breastfeeding positions 
 Infa-dent 
 Nuk massage brush 
      Pacifier / dummy 
 Soft-mouth toys 
 Teethers 
 Vibration 
 Massage  
(Facial / Body) 
 Peri-oral & Intra-oral 
stimulation program 
      Oral cares / Hygiene  
 Thin fluids 
 AR Thick fluids [Pouring cream] 
 Mildly Thick fluids [Level 1; Nectar] 
 Moderately Thick fluids [Level 2; Honey] 
 Extremely Thick fluids [Level 3; Pudding] 
 Puree  
 Semisolid / Lumpy mash   
 Chewable solids  
 Sensory input [Increase / decrease /alter] 
      Hot    Cold       Spicy    Texture 
 Bolus size on spoon  
 Spoon pressure on tongue 
 Alternating fluid / food swallows  
        [Cyclic ingestion] 
 Pacing 
Equipment Recommendations: 
Breast-Feeding Bottle-Feeding Spoon-Feeding Cup Feeding 
 Nipple Shield 
 Supplemental /  line   
        system 
 Attachment 
 Expressing ↑ supply 
 Pacing 
 Teat: Slow/Med/Fast Flow  
 Teat: Cross cut / Y cut 
 Teat: Hole with flow           
 Teat: Wide / Narrow base  
 Teat: Regular / orthodontic  
     shape  
 Haberman /Squeeze 
 Pacing 
 Flat bowl 
 Deep bowl 
 Angled 
spoon  
 Handles 
 Pacing 
 Open cup  
 Spout cup: + valve 
 Spout cup: no valve 
 Therapeutic cup 
 Straw 
 Flow rate 
 Pacing 
Neuromuscular Treatment Oral Motor Treatment Postures, Strategies & 
Rehabilitation Exercises 
 Preparatory handling 
 Oral / Facial 
desensitisation  
        program 
 Oral / Facial stimulation 
program 
 Oromotor treatment (no 
food) Jaw / lips / tongue / 
palate / respiratory 
support 
     Jaw support  
    Coordination of suck-swallow-breath 
pattern 
    Lip seal 
    Biting 
    Chewing 
    Tongue lateralisation 
    Tongue / Central groove (bottle)  
    Bolus formation 
    Bolus transport (sucking)  
    Use of pacifier to assist oral  
       clearance of puree / semisolids 
 Chin tuck 
      Head turn 
 Head tilt 
 Supraglottic swallow 
 Super-supraglottic swallow 
 Mendelsohn manoeuvre 
 Effortful swallow 
 Tongue hold (Masako)  
 Chin lift (Shaker) 
     Adduction exercises 
 Thermotactile stimulation 
 Multiple swallows 
Behavioural Interventions Parent Training 
 Aversion Reduction  
 Environment 
 Feeding Chair / position 
 Food 
 Utensils / equipment 
 Structured Behaviour Intervention  
(Contingency treatment) 
 Limit Setting 
 Mealtime protocol  
 Cognitive Behavioural treatment 
 Recognising infant cues: Readiness for feeding;  
satiation cues; distress cues 
 Swallowing strategies & positioning for child 
  Clinical indicators of aspiration 
      Oral Cares / Hygiene 
      Changes to route or form of oral medications  
 Tolerance of desensitisation / oral stimulation 
 Tolerance of behavioural feeding program 
 Appropriate reinforcement 
      Limit setting  
 Managing difficult behaviour  
 Tick all recommendations that apply 
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Radiographic Signs, Possible Biomechanical/ 
Swallowing Disorder & Recommendations 
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 APPENDIX D 
Paediatric Modified Barium Swallow: Radiographic Signs, Possible Biomechanical/Swallowing Disorder & Recommendations 
Radiographic Sign Biomechanical / Swallowing Disorder or 
Other Factor 
Possible Management Recommendation 
Oral Preparatory Phase 
(Bolus Formation) 
  
Spillage from the lips 
Loss of food or liquid out of the mouth 
Can’t hold food in the mouth anteriorly 
Reduced lip closure 
 
• Lip strengthening exercises 
Bolus size presented too large • Limit bolus size on spoon 
Teat flow too fast for age or coordination • Provide teat with flow rate adequate for age/coordination  
(alter flow rate or use non-drip teat) 
Tongue Thrust 
Material pushed out with tongue 
Tongue thrust, reduced tongue control • Placement of spoon on tongue blade, downward 
pressure, and slow removal of the spoon to contain 
tongue in oral cavity and limit protrusion 
Protrusion-Retraction (Suckle) Appropriate (≤ 6 months) 
Retention of early sucking pattern (>6 months) 
• Continue with  bottle / breast feeding 
• Oral sensorimotor exercises# 
• Placement of spoon on tongue blade, downward 
pressure, and slow removal of the spoon to contain 
tongue in oral cavity and limit protrusion for spoon feeding 
• No chewable foods  
Limited tongue movement Decreased lingual tone • Oral sensorimotor exercises# 
Decreased oral sensation • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
Bolus Formation Impaired 
Material in anterior sulcus 
Decreased lip tension or labial tone • Oral sensorimotor exercises# 
Decreased oral sensation • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
Bolus Formation Impaired  
Material in lateral sulcus 
Decreased buccal tension or tone • Oral sensorimotor exercises# 
Decreased oral sensation • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
Chewing impaired 
Limited / immature chewing 
 • Chewing program including: food placement (centre or 
side), bite strength, tongue lateralisation, modelling of 
chewing during mealtimes, mouth clearing 
• Oral sensorimotor program in preparation for 
feeding/mealtime 
>3 sucks per swallow (teat) Decreased sucking strength or coordination • Provide alternate teat (Special Needs Feeder / Chu Chu / 
Cleft Palate teat)  
Reduced tone of lips/tongue/palate • Oral sensorimotor program# 
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Gag Up regulation of gag receptivity (increased 
sensitivity) 
• Oral sensorimotor program# 
• Smooth puree texture with gradual / progressive increase 
in texture (e.g. graininess, thickness, texture variation, 
type of food, etc). 
Behavioural response • Operant conditioning with differential reinforcement of 
other behaviour (acceptance) 
Oral Phase (Oral Transit)   
Searching tongue movements Apraxia of swallow • Reclined body position whilst maintaining chin tuck 
• Use of fluids to bypass oral cavity using gravity effect 
Reduced oral sensation • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
Forward tongue protrusion to move 
bolus 
Tongue protrusion / tongue thrust  
Increased lingual tone 
• Placement of spoon on tongue blade, downward 
pressure, and slow removal of the spoon to contain 
tongue in oral cavity and limit protrusion 
• Oral sensorimotor program in preparation for 
feeding/mealtimes# 
Material remains in the anterior sulcus Decreased labial tone • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
• Drink of fluid / fluid wash after every 2-3 mouthfuls of 
solids. 
• Oral sensorimotor exercises# (lips & tongue) 
Decreased tongue control 
Material remains in the lateral sulcus Decreased tongue movement (lateralisation) 
and strength 
• Oral sensorimotor exercises# (tongue) 
Decreased buccal tone and/or sensation • Oral sensorimotor exercises# (cheeks) 
• Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
• Drink of fluid / fluid wash after every 2-3 mouthfuls of 
solids. 
Material remains on the floor of the 
mouth 
Decreased tongue shaping or coordination • Oral sensorimotor exercises# (tongue) 
Decreased sensation • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
• Drink of fluid / fluid wash after every 2-3 mouthfuls of 
solids. 
Material remains on the tongue Decreased tongue movement/strength/tone • Oral sensorimotor exercises# (tongue) 
Decreased sensation • Provide food/fluids with increased sensory properties 
appropriate for age (e.g. temperature, texture, taste) 
• Drink of fluid / fluid wash after every 2-3 mouthfuls of 
solids. 
Limited tongue movement (A-P) Decreased tongue movement/strength/tone • Oral sensorimotor exercises# (tongue) 
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• Consider altering textures / giving fluids 
Tongue-palate contact incomplete Decreased tongue elevation • Oral sensorimotor exercises# (tongue) 
• Head flexion to maintain bolus in anterior mouth during 
bolus preparation 
Piecemeal deglutition  
(multiple swallows per bolus) 
Retention of suckle pattern 
 
• Use altered textures: purees, lumpy mashed textures, 
dissolvable solids, fluids 
Oral hypersensitivity to larger bolus • Increase proficiency on smaller bolus sizes 
Fear of swallowing • Systematic desensitization / operant conditioning/ 
behavioural feeding program 
Delayed oral transit time (>3 seconds)  • Alter textures: use purees, lumpy mashed, fluid 
consistencies 
• Posture/positioning: head flexion/chin tuck with tilt –in-
space (reclined seating) 
Pharyngeal Phase Initiation   
Material in valleculae pre-initiation 
(premature spillage) 
If brief, no delay in initiation.  
Normal for chewable foods. 
• Nil required 
If greater than 1 second for a pureed or fluid 
bolus, delayed pharyngeal initiation. 
• Posture/positioning: head flexion/chin tuck with tilt –in-
space (reclined seating) 
• Eliminating or Restricting thin fluids  
• Slightly thickening fluids 
Material in pyriform sinuses  
pre-initiation (premature spillage) 
Delayed pharyngeal initiation • Posture/positioning: head flexion/chin tuck with tilt –in-
space (reclined seating) 
• Eliminating or restricting thin fluids / slightly thickening 
fluids  
Material in/on tonsil tissue Tonsils blocking bolus transit 
(Likely to be more noticeable on thicker 
purees/textures) 
• Recommending thinner purees 
• Drink of fluid / fluid wash after every 2-3 mouthfuls of 
solids. 
• Extra clearing swallows 
• Referral to ENT 
Pharyngeal Phase   
Nasopharyngeal regurgitation/backflow Decreased velopharyngeal closure • Referral to ENT 
• Upright head/body positioning (antigravity) 
• Thicken fluids if possible (harder to push antigravity) 
• Eliminate texture if impacting on patency of nasal airway 
Decreased UES opening with resultant backflow • Referral to Gastroenterology for pharyngeal impedence 
manometry (if available)  
• Referral to ENT  
• Workup for possible congenital cricopharyngeal achalasia 
Epiglottic undercoating (penetration to Incoordination • Chin tuck position 
216
underside of the epiglottis) • Alter teat (e.g. flow rate or use non-drip teat/special needs 
feeder)  
• Use alternate utensil (straw, spout cup with valve) 
• Slightly thicken fluids  
Decreased airway closure • Chin tuck position 
• Slightly thicken fluids  
Decreased laryngopharyngeal sensation • Alter food/fluid characteristics (e.g. taste intensity/spicy, 
texture variation, temperature – warm/cold boluses as 
against body/room temperature). 
Laryngeal penetration to laryngeal 
vestibule (deep laryngeal penetration) 
Decreased airway closure • Chin tuck position 
• Restrict food/fluid texture 
• Thicken fluids if consistent 
Aspiration before the swallow Delayed pharyngeal initiation • Chin tuck position 
• Restrict food/fluid texture 
• Thicken fluids  
• Supraglottic swallow# 
Incoordination 
Aspiration during the swallow Reduced hyolaryngeal elevation and decreased 
airway closure 
• Eliminate food/fluid texture 
• Chin tuck position 
• Supraglottic swallow# 
• Shaker Manoeuvre# 
Vocal fold paralysis / paresis • Head turn to affected side if unilateral paresis# with 
supraglottic swallow# 
• Thicken fluids 
• Cold boluses to increase sensory registration 
Incoordination • Eliminate food/fluid texture 
• Thicken fluids 
• Cold boluses (increase sensory registration) 
• Use alternate utensil (straw, spout cup with valve) 
Aspiration after the swallow 
(Pharyngeal residue falling into the 
airway after the swallow) 
Decreased pharyngeal contraction/stripping • Restrict food/fluid texture 
• Alter food/fluid texture: give fluids/thinner purees to limit 
residue 
• Alternate solid and fluid boluses to flush residue 
• Prompt child to have multiple clearing swallows whilst 
maintaining chin tuck#  
• Effortful swallow# 
Decreased UES opening • Referral to Gastroenterology for pharyngeal impedence 
manometry (if available)  
• Referral to ENT  
• Workup for possible congenital cricopharyngeal achalasia 
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Timing deficit • Chin tuck position 
• Supraglottic swallow# 
• Eliminate food/fluid texture 
Cough (immediate: within   • See strategies for aspiration above 
Delayed cough (x-19 seconds)  • See strategies for aspiration above 
No cough ≥ 20 seconds (silent)  • Eliminate texture & Thicken fluids 
Aspirated material eliminated 
(ejected/squeezed out) 
 • Eliminate texture & Thicken fluids 
• Alter bolus size and sensory characteristics if smaller 
volumes are not aspirated 
Residue along the posterior pharyngeal 
wall 
Reduced tongue base retraction • Oral sensorimotor exercises# (tongue strengthening) 
• Effortful swallow# 
• Alter bolus size and sensory characteristics 
• Alternating food/fluid swallows (cyclic swallows) 
Reduced velopharyngeal closure • Oral sensorimotor exercises# (palate) 
• Masako manoeuvre# to increase anterior movement of the 
posterior pharyngeal wall 
• Effortful swallow# 
•  
Reduced pharyngeal contraction / stripping • Effortful swallow# 
• Alter bolus size and characteristics  
• Alternating food/fluid swallows (cyclic swallows) 
Decreased UES AP opening • Referral to Gastroenterology for pharyngeal impedence 
manometry (if available)  
• Referral to ENT  
• Workup for possible congenital cricopharyngeal achalasia 
Residue in the valleculae Reduced tongue base retraction • Oral sensorimotor exercises# (tongue) 
Reduced velopharyngeal closure  • Oral sensorimotor exercises# (palate) 
• Masako manoeuvre# to increase anterior movement of the 
posterior pharyngeal wall 
• Effortful swallow#  
Reduced pharyngeal contraction / stripping • Effortful swallow# 
• Alter bolus size and characteristics  
• Alternating food/fluid swallows (cyclic swallows) 
Residue in the pyriform sinuses Reduced tongue base retraction • Oral sensorimotor exercises# (tongue) 
Reduced velopharyngeal closure • Oral sensorimotor exercises# (palate) 
• Masako manoeuvre# to increase anterior movement of the 
posterior pharyngeal wall 
• Effortful swallow# 
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Reduced pharyngeal contraction / stripping • Alter bolus size and characteristics  
• Alternating food/fluid swallows (cyclic swallows)Effortful 
swallow# 
Decreased UES AP opening • Referral to Gastroenterology for pharyngeal impedence 
manometry (if available)  
• Referral to ENT  
• Workup for possible congenital cricopharyngeal achalasia 
Upper Oesophageal Phase   
Slow bolus passage through the UES UES prominence • Alter bolus size and characteristics (e.g. fluid boluses) 
• Alternating food/fluid swallows (cyclic swallows) 
• Small and frequent mealtimes 
Decreased UES opening • Referral to Gastroenterology for pharyngeal impedence 
manometry (if available)  
• Referral to ENT  
• Workup for possible congenital cricopharyngeal achalasia 
Reduced pharyngeal pressures may contribute • Alter bolus size and characteristics (e.g. use more liquid 
consistencies) 
• Alternating food/fluid swallows (cyclic swallows)Effortful 
swallow# 
Residue on/in the UES Structural anomaly • Referral to ENT &/or Gastroenterology for investigation 
Increased UES tone / decreased UES opening • Referral to Gastroenterology for pharyngeal impedence 
manometry (if available)  
• Referral to ENT  
• Workup for possible congenital cricopharyngeal achalasia 
Retrograde bolus movement from the 
oesophagus to pharynx 
Oesophageal dysmotility  • Referral to Gastroenterology 
Structural abnormality 
Retrograde bolus movement from lower 
oesophagus to upper oesophagus 
Oesophageal dysmotility / Gastroeosophageal 
reflux 
• Referral to Gastroenterology 
Structural abnormality 
# If appropriate for age and cognitive level; AP=anteroposterior; UES=Upper oEsophageal Sphincter; ENT=Ear, Nose and Throat 
Surgeon;1,2 
1. Arvedson JC. Interpretation of Videofluoroscopic Swallow Studies of Infants & Children: Northern Speech Services, Inc. National Rehabilitation Services; 
2006. 
2. Arvedson JC, Lefton-Greif MA. Pediatric videofluoroscopic swallow studies: a professional manual with caregiver guidelines. San Antonio, Texas: 
Communication Skill Builders/Psychological Corporation; 1998. 
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